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. INTRODUCTION 

.This. manual c o n t a i n s  t h e  e s s e n t i a l , .  m a t e r i a l  t o  opt imize the  

LACBWR power - p l a n t  requi rements .  by i n t e r - r e l a t i n g  . radiochemis t r y  

; and.  a .wate r  chemist,ry program a s  o u t l i n e d  i n .  t h i s '  r e p o r t .  The 

procedures  a r e  numbered a c c o r d i n g  t o  a .  p a r t i c u l a r  c a t e g o r y ,  such 

. a s  RC. s e r i e s , ,  radiochemist ry . .  methods; WC s e r i e s . ,  wa te r  chemist ry  

! methods .and. t h e  ,D s e r i e s  d i s s o l u t i o n  methods. The manual has  

e i g h t  s e c t i o n s  which. a r e  a s  fo1,lows: 

Sec t ion  ,I - "Safe ty"  

Th i s  s e c t i o n .  d e s c r i b e s  t he  s a f e t y  needed i n  t h e  l a b o r a t o r y .  

S e c t i o n ,  I1 - "Standa.rdizat ion . o f  C a r r i e r  ~ o l u t i o n s "  

This: .s.ec t i o n  . covers  t h e  p r e p a r a t i o n  of c a r r i e r  s o l u t i o n s  and 
I s t a n d a r d i z a t i o n  procedures  t o  conform w i t h  t h e  c a r r i e r  r e q u i r e -  
I 

ments o f  t h e  radiochemical  procedures  i n  Sey t ion  V .  

S ~ C  t i o n  I11 - "Counting Techniques and Data 'fIandlingl '  

Th is  s e c t i o n .  p rov ides  a  working.knowledge t o  ana lyze  and rep0r.t  

d a t a  i n t e l l i g e n t l y .  

Sec t ion  . IV - "water  chemist ry  ~ e t h o d s "  . . 

Thi s  s e c t i o n  i s  a  c o l l q c t i o n  .of  wate r  chemist ry: .procedures  f o r  

de te rmin ing  c o n s t i t u e n t s  i n  reac tor : i s team.and  'wate r .  

S e c t i o n  V - " ~ a d i o c h e m i s t r y  ~ e t h o d s "  

Th i s  s e c t i o n  i s  a  c o l l e c t i o n  .of radiochemical  p rocedures  f o r  

determining t h e  a c t i v i t y  of  s e l e c t e d  r a d i o n u c l i d e s .  I 



S e c t i o n  V I  - . " ~ i s s o l u t i o n ~ . ~ e t h o d s "  

T h i s  s e c t i 0 n . i ~  a c o l l e c t i o n . o f  d i s s o l u t i o n  procedures  f o r  q u a n t i -  

t a t i v e  removal o f  s o r b e d . a c t i v i t y  from i o n  exchange r e s i n  and 

d i s s o l u t i o n  0.f i n s o l u b l e  c o r r o s i o n  p r o d u c t s .  

Sec t i o n . V I I  - .  "Schedule f o r  Radio and .Water , Chemistry . Analyses" 

T h i s  se .c t ion  l i s t s  t h e  a n a l y s e s  needed d u r i n g  t h e  o p e r a t i o n  of:: 

t h e  r e a c t o r .  

Sec t ion .  : V I I I  - "Appendix" 



SECTION I 

SAFETY 

This  s e c t i o n  : w i l l  .descr ibe . i n  d e t a i l  the' s a f e t y  .needed . i n  

t h e  labora tory .  P r i n c i p l e s  .of s a f e  l abora to ry  . ' p r ac t i ces  

should be .exe'rci.sed . a t  . a l l  t imes.  

The fol lowing :summarizes the  . safe  l abora to ry  :p rac t i ces  : 

a .  Personnel protect.i.ve equipment such a.s eye pro- 

t e c t i o n ,  f a c e  s h i e l d s ,  and gloves s h a l l  be used when 

b. Safe ty  g l a s s e s  m u $ t  be worn - in  the  l abora to ry .  F u l l  

f a c e  s h i e l d s  may be.n.ecessary f o r  c e r t a i n  opera t ions .  

c.  Rubber gloves s h a l l  be used when pouring a c i d s  such 

a s  fuming n i t r i c  ac id  and hydroflu'oric ac id  o r  when 

handling : r ad ioac t ive  ,ma te r i a l .  Surgeon's gloves may be 

used when manual d e x t e r i t y  -is required.  

d .  An ac id  and a l k a l i n e  r e s i s t a n t  l abora to ry  coat  s h a l l  

be used i n  the l abora to ry  a t  , a l l  times t o  .p ro tec t  t h e  

c l o t h e s  and body from corros ive  chemicals and radio-  

Smoking, e a t i n g  and ' dr inking  a r e  forbidden the  

labora tory .  



I. SAFETY ( c o n t f d )  

f . . Avoid s k i n  c o n t a c t  and i n h a l a t i o n  or: i n g e s t i o n  .of 

a l l  chemica l s .  

g .  Broken g l a s sware  s h a l l  be d i s p o s e d . o f  i n  .a s e p a r a t e  

c o n t a i n e r .  

h .  The fume hood should  be used when h a n d l i n g  v o l a t i l e  

o r  flammable chemica l s .  

i. Do n o t  p i c k  up s m a l l  s p l i n t e r s  of broken g l a s s  w i t h  

t h e  hands .  Use a whisk broom and d u s t  pan. ' V e r y  -smal l  

p i e c e s  may be p icked up w i t h  a  l a r g e  p i e c e  of  wet c o t t o n  

o r  s t i c k y  paper .  

j. Contaminated was te  s h a l l  b e  s eg rega t ed  from c l e a n  

d e b r i s .  

k. I n  d i l u t i o n  of s t r o n g  a c i d s ,  always add a c i d  t o  t h e  

w a t e r  . s lowly  o v e r  .a  s i n k  o r  v e s s e l  t o  c o n t a i n  .any b r eak -  

age  o r  s p i l l a g e .  Acid should  first be  t r a n s f e r r e d  t o  a  

. sma l l  beake r  . o r  . r e a g e n t  b o t t l e  ; r a t h e r  t h a n  a t t e m p t i n g  

t o ,  t r a n s f e r  d i r e c t l y  from l a r g e  . s t o c k  b o t t l e s  o f  r e a g e n t s  

1. Flammable l i q u i d s  and c o r r o s i v e ,  noxious ,  o r  vapor-  

producing .chemicals  s h a l l  n o t  be  poured i n  t h e  s i n k  b u t  

. s h a l l  b e  , s t o r e d  i n  t h e  co r i t a i ne r s  p rov ided .  Acids and 

a l k a l i s  may be f l u s h e d  down t h e  s i n k  w i t h . c o p i o u s  amounts 

of  w a t e r  f o r  d i l u t i o n ,  o r  e l s e ' s h o u l d  be  n e u t r a l i z e d  be-  

f o r e  d i s p o s a l .  

* -4- 



I. SAFETY (con t1d . )  

m. A l l  r e a g e n t  b o t t l e s  and o t h e r  c o n t a i n e r s  of chemicals  

s h a l l  be c l e a r l y . l a b e l e d .  These s h a l l  n o t  be f i l l e d  t o  

more t han  t h r e e - q u a r t e r s  of t h e i r  c a p a c i t y  t o  a l low f o r  

n .  Never .mix .organic  chemicals  and a c i d s  exce.pt a s  s p e c i -  

f i c a l l y  d e t a i l e d  i n  procedures .  

o .  Never p i p e t t e  by.mouth.  Use rubbe r  b u 1 b . o ~  equiva-  

l e n t  ' t o  a p p l y  . t he  s u c t i o n .  

p. A l l  p r e c a u t i o n s  used i n  hand l ing  c o r r o s i v e  and t o x i c  

chemicals  s h a l l  a l s o  be observed wcth r a d i o a c t i v e  sampler .  

q .  Mercury v a p o r  .is poisonous,. Use t r a y s  t o  c o n t a i n  

.spills when working .:with mercury, and c l e a n  up '  all s p i l l -  

r. Before  ana lyz ing  primary coo lan t ,  t h e  r a d i a t i o n  l e v e l s  

s h a l l  be monitored t o  a s c e r t a i n  ,what p r e c a u t i o n s  must be  

t aken .  

s. Evapora t ions  i nvo lv ing  primary coo lan t  must be per-  
/ 

formed i n  t h e  fume hood. 

t .  Hands and c l o t h i ~ g  , s h a l l  be monitored f o r  contamina- 

. t i o n  b e f o r e  l e a v i n g  t h e . l a b o r a t o r y .  

The fo l l owing  : a r e  t h e  s a f e  l a b o r a t o r y  technique  p r a c t i c e s :  

-5- 



b I. SAFETY 

Evaporation i n  beaker$ and f l a s k s  should be made on a  ho t  
1 
1 

11 p l a t e .  To prevent bumpingf', a  few g l a s s  beads may 6e 

added. . Infra-red .lamps may be u.sed t o  evaporate small  

l iqu ' id  samples i n  p lanchets ,  Solu t ions  i n  c e n t r i f u g e  

cones, can be evaporated by p lac ing  :a .flame d i r e c t l y  'be- 
4- 

low , t h e  l i q u i d  . . l eve l  i n  t h e  cone. The cone .should be 

held with. t .ongs,  . no t  the  f i n g e r s ,  and given .a continous 

swi r l ing  :motion t.0 avoid .over-hea.ting the  l i q u i d  . i n  any 

one place.  . T h i s .  technique t akes  p r a c t i c e  . i n  o r d e r .  t o  

,avoid the  . l o s s  of ' l i q u i d .  Evaporate organic so lven t s  

i n  .a water ba th  under :a fume hood. Solu t ions  needed 

t o  be heated can be placed . in . :a .  beaker h a l f  f i l l e d  ,with 
. . 

,water .and .plac.ed on .a ho t  p l a t e .  

.C,entrifuge P r a c t i c e  

When.using the  cen t r i fuge  be su re  t h a t  t h e  cone con- 

t a i n i n g  t h e  sample i s  counterbalanced by another  tube 

conta in ing  the.same l e v e l . o f  l i q u i d .  The cen t r i fuge  

should .be thick-walled g l a s s  o r  p l a s t i c  to allow t h e  

use of the  h ighes t  :speed on t h e  cen t r i fuge .  Allow 

the  cen t r i fuge  t o  come ' t o  a  s t o p  b y . i t s e l f ,  un less  i t  

has a  brake attachment.which can be used with caut ion .  

Otherwise, the  p r e c i p i t a t e  may beqome dis lodged.  If  



I. SAFETY 

Centr i fuge Prac t i ce  ( ~ o n t  Id ) 

t he  p r e c i p i t a t e  become d i f f i c u l t  t o  come down . a f t e r  cen- 
. a 

t r i f u g i n g  : f o r  two minutes, the  . add i t ion  .of a  .few drops of 

a  wet t ing :agent . w i l l  remedy t h i s  problem. 

The f i n a l  p r e c i p i t a t e  from the radiochemical procedures 

i s  'usually suc t ion  f i l t e r e d .  The s t a i n l e s s  s t e e l  f i l -  

t e r i n g  :apparatus  'is placed i n  a  500 m l  sidearm , f l a s k  . 

through a  one-hole rubber  s topper .  The f l a s k  i s  con- 

nected t o  an explosion-proof vacuum pump by means of a  

vacdum hose and an in termedia te  empty f i l t e r i n g  f l a s k  

used a s  a  l i q u i d  t r a p .  The f i l t e r  paper should be 

centered on t h e  f i l t e r  support .  A few drops of water 

.should be poured onto t h e  f i l t e r  t.0 wet the  f i l t e r .  

Af ter  t h i s  0 p e r a t i o n . i ~  completed t u r n  on the  pump and 

pour the  prec ip iba t .e  onto the  f i l t e r .  AFter t h e  washing 

of the p r e c i p i t a t e  .with ethyl a lcohol  and removing 

.moisture with .e ther ,  . the  pump should remain on . f o r  

.around 30 .seconds. The top  .of the  f i l t e r i n g  :apparatus 

i s  then &moved w i  t h  . t he  vacuum pump on. . The pump. i s  

turned of f  and t h e  f i l b e r  .paper i s  .removed with b lunt -  

poin t  forceps  ( b l u n t  type should be used t o  prevent 

p u t t i n g  ho les  i n  the  f i l t e r  paper) .  



SECTION I1 

STANDARDIZATION OF CARRIER 'SOLUTIONS 

A .  SUMMARY OF ,~THODS 

The l o s s e s  of a  radioelement  through t h e  rad iochemica l  pro- 

cedure  .is determin.ed by .measuring t h e  f r a c t i o n a l  recovery  

, of t h e  c a r r i e r  e lement  used.  This  r e q u i r e s  t h e  a d d i t i o n  of 

a  known amount of c a r r i e r e l e m e n t  a t  t h e  beginning of t h e  

a n a l y s i s .  To accomplish t h i s ,  c a r r i e r  . s s lu l t ions  a r e  pre-  

pared,  s t anda rd i zed  .and accu ra t e1y ;measu re~  volumes o f  t h e  

s o l u t i o n s  a r e .  used.  

B. APPARATUS 

1. Normal l a b o r a t o r y  g lassware  i s  r equ i r ed  f o r  t h i s  work. 

2. Glass  F i b e r  F i l t e r  - 1 i n c h  d i ame te r  x 0 .01  i nches  

t h i c k  .should be used.  Any s i m i l a r  f i l t e r . w i l 1  be s u i t -  

a b l e  provided i t  reba ins .  f i n e  p , r e c i p i t a t e s  a d e q u a t e . 1 ~  

and ma in t a in s  consbant  weight  t o  - .  + 0.0001 gm d u r i n g  f i l -  

t r a t i o n  and d ry ing .  

3.  F i l t e r  Holder - The, f i l b e r  ' ho lde r  -must, ha~i$:.:%he.:-.i i nch  

f i l t e r s  r i g i d l y .  i n  -p l ace  d u r i n g  ; f i l t r a t i o n .  

NOTE: Care .should be t,aken t o  c l e a n  t h e  h o l d e r  thoroughly  

between f i l t r a t i o n s  t o  p reven t  c ross -con tamina t ion .  

4. ~ . e s i c c a t o r  -' The d e s i c c a t o r  must hold  f o u r  1 i n c h  d i a -  

- meter  f i l t e r s  s i m i l a r  t o  F i s h e r  No. 8-615, 



i . .sTANDAmIzATIoN OF CARRIER .SOLUTIONS 

Oven - Oven should be - g r a v i t y  convect ion type  and be 5. - 
! 

a b l e  t o  supply  u n i f o r m h e a t  a t  l l o O  C t o  a  - + 6.5' C .  

. ( F i s h e r  No..13-244-1 o r  e q u i v a l e n t ) .  

. 6 .  A n a l y t i c a l  Balance - It .should be capab le  t o  weigh::to 

t h e  n e a r e s t  0 . 1  mg. 

7. Muffle Furnace - To be a b l e  t o  hold f o u r  c b b c i b l e s  and 

a l s o  des igned f o r  cont inuous  o p e r a t i o n  a t  t empera tures  up 

t o  gOOO C (1650° F ) .   ishe her No. 10-552 o r  e q u i v a l e n t ) .  

8. Recr igerakor  - Small l a b o r a t o r y  . type  des igned t o  be 

exp los ion  proof .  

9. Infra-Red Lamp - The i n f r a - r e d  l amp  should be des igned 

t o  a d j u s t  : a t  v a r i o u s  , h e i g h t s  f o r  . evapora t ing  . s o l u t i o n s  and 

d r y i n g  p r e c i p i t a t e s .  ( F i s h e r  No. 1 1 - 5 0 4 - 5 ~ 4 . o r  e q u i v a ~ e n t ) .  

10 .  Cen t r i fuge  - A d l i n i c a l  c e n t r i f u g e  s h a l l  be used.  The 
' , 

head shou4d .accommodat.e 50 m l  c e n t r i f u g e  t ubes .  

C ,  . rnAGENTS A N D  'MATERIALS 

1. P u r i t y  of Reagents - Reagent .grade chemicals  , . sha l l  be 

used t o  p repare  c a r r i e r s .  Unless  o the rwi se  . i n d i c a t e d ,  a l l  

r e a g e n t s  s h a l l  conform ,t.o t .he s p e c i f i c a t : i o n s  of t h e  Committee 

on A n a l y t i c a l  Reagents .of  t h e  American Chemical Soc i e ty .  

Other  . r eagen t s  may be used ,  provided they  a r e  of  s u f f i c i e n t  

p u r i t y  t o  g,ive t h e  same accu:racy. . . . 



STANDARDIZATION OF CARRIER'SOLUTIONS 

C .  REAGENTS AND ~ T E R I A L S  

2 ,  P u r i t y  o f  Water - A l l  wa t e r  used . i n  p ' reparing . t he  c a r r i e r s  

and i n  s t a n d a r d i z a t i o n  of t h e s e  c a r r i e r s  s h a l l  be deminera l ized  

wa te r  and conform t o  t h e  S p e c i f i c a t i o n  f o r  Reagent Water (ASTM 

Des igna t ion  D 1193) .  

3. E t h y l  Alcohol - . E i t h e r  CP , e t h y l  a l c o h o l  o r  dena tured  e t h y l  

a l c o h o l  (denat .ured accord ing  . t o  formula No. 30, Regulat- ions 

No. 3 ' a n d  i t s  :appendix, U.S. Bureau of I n t e r n a l  Revenue) s h a l l  

be bsed f o r  . s t a n d a r d i z a t i o n  of t h e  c a r r i e r s .  

4 .  Cesium Chlor ide  - Cesium c h l o r i d e  r e a g e n t  No. C-24, p u r i -  

f i e d ,  which can be ob ta ined  from F i s h e r  Chemical Company.. 

5. Ch lo rop la t . i n i c  Acid Reagent - Disso lve  7.3 grams of hy- 

d r a t e d  c h l o r o p l a t i n i c  a c i d  ( H ~  PtC16 6 ~ ~ 0 )  i n  100 m l  of 

wate r .  

6 ,  6~  Ace t ic  Acid - Measure 40 m l  concen t r a t ed  a c e t i c  a c i d  

and d i l u t e  t o  100 m l  w i th  wate r .  

7.  6~  Hydrochlor ic  AcYd - Measure 498 m l  of 1 2 . 1  N hydro- 

c h l o r i c  a c i d  ( c o n c e n t r a t e d )  and d i l u t e  t o ' l - l i r t e r - ,  w i t h  wate r .  

8. 1 N  Hydrochlor ic  Acid - Measure 83.0 m l  of  1 2 . 1  Hydrochlor ic  

a c i d  ( c o n c e n t r a t e d )  and d i l u t e  t o  1 - l i p e r  w i th  wate r .  
I (  

9 .  2N Hydrochlor ic  Acid - Measure 166 .ml.. of  12.1N hydrochlo- 

r i c  . a c id  ( c o n c e n t r a t e d )  and d i l u t e  t o  1 - l i t e r  .wi th  .water .  



.STANDARDIZATION OF C.ARRIER :SOLUTIONS . . 
I . . 

' I  

' C . REAGENTS A N D  MATERIALS 

l b .  6~  N i t r i c  Acid - Measure 384 rn l  of 15.7N N i t r i c  ac id  

(concent ra ted)  and d i l u t e  t o  1 - l i t e r  .with water.  

11. 4~ N i t r i c  Acid - Measure ,256 m l  .of 15.7N . N i t r i c  .acid 

(concentrated)  and d : i lu te  t o  1 - l i t e r  .with ,water.. 

.12.! 3M Ammonium Acetate - Dissolve ,230 grams of Ammonium 

Acetate (NH4c2H302,) i n  w a t e r  and d i l u t e  t o  1 - l i t e r  wi th  

13. Cupferron Re,agent - Dissolve 6 grams of the  ammonium 

. s a l t  of ni troso-phenyl-hydroxylamine ( cupferron ) i n  ,100 m l  

of water.  

NOTE: Re.agent 'good f o r  one week only and must be kept cool  

and s to red  . . in the  dark.  

14.  1.5M Sodium Chromate - Dissolve 243 grams of sodium 
. . 

chromate ( N ~ ~ c ~ O ~ )  and d i l u t e  t o  1 - l i t e r  wi th  water.  

.15. 0.1M Palladiuin Chloride - ~ i s s b l v e  21 .4  grams of p a l l a -  

diurri chgor ide .  ( ~ d  C 1 2  :2H20) and d i l u t e  t o  1 - l i t e r  with 

water ,  

16. 1 . 5 N  S u l f u r i c  Acid - Measure 42 r n l  of 36.0 N S u l f u r i c  

ac id  ( concen t ra ted )  and d i l u t e d  t o  1 - l i t e r  wi th  water.  

17. 1 4 . 8 ~  Ammonium Hydioxide - Concentrated ammonium hy- 

dioxide ( N H ~ O H ) .  



.STANDARDIZATION OF. CARRIER SOLUTIONS 

C . REAGENTS A N D  'MATERIALS, 

18. 15.7N N i t r i c  Acid - Concentrated N i t r i c  Acid ( ~ ~ 0 3 ) .  

19. .12.1N Hydrochlor ic  Acid - Concentrated Hydrochlor ic  

Acid ( H C ~ ) .  

20. (1-3) Hydrochlor ic  Acid s o l u t i o n  - Measure 100 m l  of 

concen t r a t ed  hyd roch lo r i c  ac id  (12.  I N )  ( H C ~ )  and d . i l u t e  .ib;i'th 

J00 m l  wa te r .  

'2L. The fo l l owing  . a d d i t i o n a l  chemicals  a r e  needed: 

a .  Sa tu ra t ed  Ammonium Oxalate  ( N H ~ ) ~  C204 S o l u t i o n  
b. Hydrogen S u l f i d e  ( Y ~ s )  g a s  
c  . Satl lra teA Sodium ~ i , o m a t e  NaBrOg 
d .  Sa tu ra t ed  Oxal ic  ~ c ' i d  S o l u t i o n  
e .  Sa tu ra t ed  Barium N i t r a t e  S o l u t i o n  

22. The fo l l owing  chemicals  w i l l  be needed t o  p repare  c a r r i e r s :  

a .  Barium N i t r a t e  Ba NO3 2  
b .  Cerium N i t r a t e  Ce NO 3 6H20 
c .  Cobal t  N i t r a t e  cojNo2/2 0 6 ~ 2 0  
d .  Potassium Iod ide  K I  
e .  I ron  Chlor ide  FeC13 6 ~ 2 0  
f .  Potassium Chlor ide  K C 1  
g .  Rubidium Chlor ide  RbCl 
h. S t ron t ium N i t r a t e  s ~ ( N o ~ ) ~  4H20 
i. Yttr ium N i t r a t e  Y ( N O  )3  6~  0  
j . Zirconyl  N i t r a t e  Z ~ O ~ N O ~ )  2s20 
k.  Manganese Dioxide MN02 
1. Lanthanium N i t r a t e  ( ~ a  ( N O  ) 6 ~ 2 0 )  
m. Potassium Dichromate (if2cr2a7$ 
n o  Sodium F l u o r i d e  ( N ~ F )  
0 .  Sodium Tungs ta te  ( N ~ ~ w o ~  2 ~ 2 0 )  
p. Pure Nickel  Metal Powder 
q .  Pure Copper Metal 
r. Sodium Chlor ide  ( ~ a ~ 1 )  
s . Ammonium c h l o r i d e  (m4cl) 



AMMONIUM CARRIER 

1. Disso lve  3 grams amonium c h l o r i d e  ( N H ~ c ~ )  i n  100 m l  of 

wa te r .  

2. P i p e t  a c c u r a t e l y  f o u r  2 m l  p o r t i o n s  of t he  c a r r i e r  so lu -  

t i o n  i n t o  f o u r  s e p a r a t e  50 m l  c e n t r i f u g e  t ubes .  

3. D i l u t e  t o  5 m l  w i th  6~ hydroch lo r i c  a c i d  ( H C ~ ) .  

4.  Add 1 m l  of 5 percen t  c h l o r o p l a t i n i c  a c i d  ( H ~ P ~ c ~ G )  and 

5 m l  of e t h y l  a l c o h o l .  

5. P lace  c e n t r i f u g e  t u b e s  i n  an . i c e  b a t h  . f o r  5-10 minutes .  

6 .  F i l t e r  wi th  s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed g l a s s  

f i b e r  f i l t e r  h o l d e r .  

NOTE: The p r e c i p i t a t e  appearance w i l l  be a  yellow-orange co- 

l o r  p r e c i p i t a t e .  

7. Rinse t h e  c e n t r i f u g e  tube w i th  e t h y l  a l c o h o l  and pour 

t h e  r i n s i n g s  through t h e  f i l t e r .  

8. Wash t h e  p , r e c i p i t a t e  w i th  approximately  1 0  m l  e t h y l  a l -  

cohol  and 1 0  m l  of d i e t h y l  e t h e r .  

9 .  Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  ba lance  

t o  t h e  n e a r e s t  0 . 1  mg. 

1 0 .  S u b t r a c t  t h e  t a r e  weight  of t h e  f i l t e r  t o  o b t a i n  t h e  
/ 

weight of t h e  p r e c ' i p i t a t e .  



11. ,  our' s t a n d a r d i z a t i o n s  o f  t h e  c a r r i e r  s o l u t i o n  s h o u l d  b e  

performed.  The s p r e a d  i n  r e s u l t s  shou ld  b e  l e s s  t h a n  0.5%. 

CALCULATIONS 

NH4 (mg/ml) = 1n~(ppt)(~~~,),~t~1~(0.04063) - 
w 

m l  ( a l i q u o t e )  



BARIUM, CARRIER 
I 

(10 m/ml) 

1 .  Dis so lve  19 .0  grams of B a r i u m , N i t r a t e  ( ~ a ( N 0 ~ ) ~  i n  

approx imate ly  ,.300 m l  of wate r .  

2. D i l u t e  ' t o  1 - l i t e r  and shake . fo r  .l o r  2 minutes.  

3. P i p e t  a c c u r a t e l y  f o u r  5 .0  m l  p o r t i o n s  o f  t h e  c a r r i e r  

s o l u t i o n  i n t o  f o u r  s e p a r a t e  250 m l  beakers .  

4. D i l u t e  t o  approximately  100 m l .  

I 

I 5. Add 5 m l  of 6 ~  a c e t i c  a c i d  and 1 0  m l  of  3M ammonium 

, a c e t a t e .  

6. P lace  beakers  on a  h o t  p l a t e  and b.ring t o  a  b o i l .  

7. Add 5 m l  of 1.5Msodium chromate (Na2Cr04) dropwise 

whi le  s t i r r i n , g .  B o i l  f o r . 1  o r  2  minutes  w i t h  s t i r r i n g .  

8. ' F i l t e r  ,with s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed 

f l a s s  f i b e r  . f i l t e r  placed . i n  t h e  f i l . t e r  ' ho lder .  

. 9 .  Rinse t h e  beaker  w i t h  e t h y l  a l c o h o l  and pour t h e  

r i n s i n g s  through t h e  f i l t e r .  

10 .  Wa.sh t h e  . p r ec ip i t a t . e  w i t h  approximately  1 0  m l  e t h y l  
I 

a l c o h o l .  and 1 0  m l .  of d . ie thy1 e t h e r .  

.11. Place  t h e  f i l t e r  con t a in ing  t h e  p r e c i p i t a t e  i n  an 

oven and d r y  a t . l l o O  C f o r  30 minutes.  Cool i n . a  d e s i c -  

c a t o r  f o r  '2  minutes 
-15- 



BARIUM. CARRIER (10 .  m g / m l )  ( ~ o n t  ' d )  

12 .  Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  ba lance  

t o  t h e  n e a r e s t  0 , l  .mg. 
. . 

13. S u b t r a c t  t h e  t a r e  weight  of t h e  : f i l t e r  t o  o b t a i n  t h e  
r 

weight  of  t h e  p rec . i p i t abe .  

14.  Four s tandard iza t . ionsof  t h e  c a r r i e r  s o l u t i o n . s h o u l d  be 

performed. The spread i n , r e s u l t s  should be l e s s  than  0.576.- . . 

CALCULATIONS 

~ a ( m g / m l )  = ( & ( p p t ) ~ a ~ r ~ l ,  ) (0 .5421)  
m l  ( a l i q u o t e )  



.CERIUM CARRIER 

.1. Disso lve  31.0 grams of cerium n i t r a t e  ( ~ e ( ~ 0 ~ ) ~  6 ~ ~ 0 )  

. i n  200 m l  of wate r .  

2. D i l u t e  t o  1 - l i t e r '  and shake f o r  .1 o r  2  minutes .  

3. P i p e t  a c c u r a t e l y  f o u r  5.0 m l  p o r t i o n s  of t h e  c a r r i e r  

s o l u t i o n  i n t o  f o u r  100 m i  beakers .  

4. D i l u t e  t o  approximately  20 m l  w i t h  wate r .  

5. Warm on a  h o t  wa te r  b a t h  and about  50 m l  of s a t u r a t e d  

ammonium o x a l a t e  ( ( N H ~ ) ~ c ~ o ~ )  s o l u t i o n .  

6. Cool i n  an  i c e  b a t h  . f o r  ,approximately  15 minutes  and 

f i l t e r  w i th  a  f i l t e r  f unne l  u s i n g  a  11 cm Whatman,No. 42 

f i l t e r  paper .  

7. T r a n s f e r  t h e  . p r e c i p i t a t e  t o  a  t a r e d  p o r c e l a i n  c r u c i b l e  

and d r y  under  a  h e a t  lamp. 

8. Cover and i g n i t e  f o r  : l o  minu.tes i n  .a muff le  fu rnace  a t  

800' C .  

9. Remove t h e  cove r . and  con t inue  t h e  i g n i t i o n  f o r  30 minutes .  

10. Cool and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  ( c ~ o ~ )  on 

an  a n a l y t i c a l  ba l ance  t o  t h e  n e a r e s t  0 . 1  mg. 

11. P lace  t h e  c r u c i b l e  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n  an oven 

and d r y  a t .  1.10~ C f o r  20 minutes .  

-17- 



I 
CERIUM CARRIER ( 1 0  m g / m l )  ( d o n t  I d )  

12.  Cool f o r  20 minu tes  i n  a  d e s 1 c c a t o r ; a n d  reweigh.  

13. Repeat  s t e p s  11 and 1 2  u n t i l  c o n s t a n t  we igh t  i s  ob- 

t a i n e d .  

14 .  Four s t a n d a r d i z a t i o n s  o f '  t h e  c a r r i e r  : s o l u t i o n  . should  

be performed.  The sp read  . i n  r e s u l t s  .should be less.  t h a n  

CALCULATIONS 



CESIUM CARRIER 

( 1 0  rng/ml) 

1. Disso lve  1 2 . 5  grams of cesium c h l o r i d e  i n : w a t e r . a n d  d i -  

l u t e  t o  1-1i ter :wi th  wate r .  

2.. P i p e t  a c c u r a t e l y  f o u r  5.0 m l  p o r t i o n s  of t h e  c a r r i e r  

s o l u t i o n  i n t o  a  50 m l  c e n t r i f u g e  tube.  
. . 

3.  Adjust  t h e  volume t o  10 m l  i n  6~ hydroch lo r i c  Acid (H~T). 

4. Add 4 m l  of c h l o r o p l a t i n i c  a c i d .  

5. S t i r  1 o r  2 minute's and coo l  i n  a  r e g r i g e r a t o r  f o r . 1 0  

minutes .  

6. F i l t e r  w i t h  s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed g l a s s  

f i b e r  f i l t e r  placed i n  t h e  f i l t e r  h o l d e r .  - 

7. Rinse t h e  c e n t r i f u g e  tube  w i t h  e t h y l  a l c o h o l  and pour 

t h e  r i n s i n g s  through t h e  f i l t e r .  

8. Wash t h e  p r e c i p i t a t e  w i t h  approximately  1 0  m l  e t h y l ' a l -  

cohol  and 1 0  m l  of  d i e t h y l  e t h e r .  

. g . ,  Place  t h e  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n  an .'oven 

and d r y  a t  110' C f o r  .30 minutes .  Cool i n  a  d e s i c c a t o r  .' 

f o r  :20 minutes  . 

10.  Weigh t h e  f i l t e r  a n d  p r e c i p i t a t e  on an a n a l y t i c a l  ba-  

l a n c e .  



CESIUM CARRIER (10  mg/ml) (Cont I d )  

11. S u b t r a c t  t h e  t a r e  weight  of t h e  f i l t e r  t 3  o b t a i n  t h e  

weight  of  t h e  p r e c i p i t a t e .  

12.  Repeat S t e p s  9, 10 and 11 u n t i l  c o n s t a n t  weight  i s  

ob t a ined .  

13. Four  s t a n d a r d i z a t i o n s  of  t h e  c a r r i e r  s o l u t i o n  should  

be performed. The spread  i n  r e s u l t s  should  be l e s s  t han  

CALCULATIONS 



CHROMIUM CARRIER 

1. Disso lve  28 grams o f  potass ium dichromate  ( ~ ~ ~ r ~ O ~ ) . i n  
: .  . j  

200 m l  of wa te r .  

2 .  . D i l u t e  t o  1 - l i t e r  w i th  w a t e r  and shake . f o r  1 o r  2 minutes .  

3 .  P i p e t  a c c u r a t e l y  f o u r  2 .0  m l  p o r t i o n s  o f  t h e  c a r r i e r  so-  

l u t i o n  i n t o  f o u r  s e p a r a t e  50 m l  c e n t r i f u g e  t u b e s .  

4 .  Add 1 m l  . concen t r a t ed  . , .  ammonium hydroxide ( N H ~ O H )  . . and 15 ml 

o f  wa te r .  . . . 

. . 

5. Add 3 m l  of s a t u r a t e d  barium n i t r a t e  ( B ~ ( N O ~ ) ~ )  s o l u t i o n  

6 .  F i l t e r  w i t h  s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed g l a s s  

f i b e r  f i l t e r  p l a c e d , , i n  t h e  f i l t e r  h o l d e r .  
. . .  . . . . 

7. ~ i ' s e  t h e  5 0  m l  c e n t r i f u g e  w i t h  e t h y l  a l c o h o l  and pour 

t h e  r i n s i n g s ,  through the  f i l t e r .  
. . 

8. Wash t h e  p r e c i p i t a t e . w i t h  approximately  1 0  m l  e t h y l  a l -  

.coho1 and .10 m1,of d i e t h y l  e t h e r .  

9 .  P l ace  t h e  f i l t e r  c o n t a i n i n g  t h e  i n  a n  oven 

and d r y  a t  110' C f o r  10  t o  1 5  minutes .  Cool i n  a  d e s i c c a t o r  

. .  . . .  . f o r  10 t o  15 minutes .  . jl:. :,.:re .:..,... . " I . : I _ _  . . . . .  t ..; :. :: . , . . . . 

10 .  Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  ba-  

l ance  t o  t h e  n e a r e s t  0 . 1  mg. 



11. S u b t r a c t  . t h e  . t a r e  weight  of t h e  . f i l t e r  t o  o b t a i n  t h e  

weight  of t h e  . p r e c i p i t a t e .  

12 .  Four s t a n d a r d i z a t i o n s o f  t h e  c a r r i e r  s o l u t i o n  should  be 

performed. The spread  i n  r e s u l t s  s h o u l d  be l e s s  than  0.5%. . .  . 

CALCULATIONS 

C ( m g m )  = (mg(ppt )~acr01 , )  (0 .2053)  
( m l ( a l i q u o t e )  



,COBALT CARRIER 

(10 mg/ml) 

1. D i s s o l v e  49.3 grams of Cobalt n i t r a t e  C o ( ~ 0  ) 6 ~ ~ 0  3 2 
i n  200 m l  of water.  

2.  Add 1 m l  concentrated N i t r i c  Acid ( ~ 0 ~ )  and d i l u t e  t o  

1 - l i t e r  .with water .  

3 .  P ipe t  a c c u r a t e l y . f o u r  5.0 m l  po r t ions  of the  c a r r i e r  

s o l u t i o n  i n t o  f o u r  sepa ra te  50 m l  cen t r i fuge  cover.  

4: Di lu te  t o  approximately 15 m l  with water.  

5. Add 2 - m l  of concentrated ammonium hydroxide ( N H ~ O H )  and 

c a r e f u l l y  s a t u r a t e  the s o l u t i o n  w i t h  hydrogen su l f ide(H$3)  

gas .. 

6.  F i l t e r  t h e c o b a l t  monosulfide ( C O S )  onto . a  Whatman No. 

42 f i l t e r  paper and wash .with 5 m l  of ammonia .water.  

7.  Transfer  the  paper .and p r e c i p i t a t e  t o  a  t a red  porce la in  

c r u c i b l e .  ' . " 

. , 

. . 

8. Dry under a  h e a t  lamp, cover with a  porce la in  cover 

and . i g n i t e  f ~ r " ~ ~ ~ r o x i m a t e l ~  10  minutes a t  700° C .  

9 .  . Remove . the cover and. continue the i g n i t i o n  f o r  '30 

minutes. 



-COBALT CARRIER ( ~ o n t  ' d )  
(10 m g / m l )  

10. Cool and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  ( C O  0 ) on 
2  3 

an a n a l y t i c a l  ba lance  t o  t h e  n e a r e s t  0 . 1  mg .  

.11. . P l a c e  t h e  c r u c i b l e  c o n t a i n i n g  . t he  % p r e c i p i t a t e  . i n  an 

oven and d r y  a t  1 1 0 O  C f o r  20 minutes .  

12 .  Cool f o r 2 0  minutes i n  a  d e s i c c a t o r  and reweigh.  

13. Repeat s t e p s  11 and 1 2  u n t i l  c o n s t a n t  weight  i s  ob t a ined .  

1 4 .  Four . s t a n d a r d i z a t i o n s  of  t h e  c a r r i e r  . s o l u t i o n .  should be 

performed. .  The spread  i n  r e s u l t s  should be . l e s s  t han  0.5%. 

CALCULATIONS 



COPPER CARRIER 

(10  m g / m l )  

1. Disso lve  1 . 0 0  gm ( p u r e )  copper meta l  i n 2 5  m l  concen t r a t ed  

n i t r i c  a c i d .  

2. . D i l u t e  t o  100 m l  w i th  wa te r  and shake'  f o r  1 o r  2 minutes .  

NOTE: ' I f  t h e  copper.  .meta l  i s  weighed on .an  a n a l y t i c a l  . . ba lance  

t o  t h e  n e a r e s t  0 . 1  .mg, s t a n d a r d i z a t i o n  . w i l l '  n'ot be 

: .  . .:;:: n9cessary .  



FLUORIDE CARRIER 

1. . D i s s o l v e  l . 8  gm of sodium f l u o r i d e  ( N ~ F )  i n . 1 0 0  m l  of 

wa te r  i n  a  vo lumet r ic  f l a s k .  

2 .  .Shake f o r  1 o r  2  minutes .  

3. P i p e t  accura ' t e ly  f o u r  2 .0  m l  p o r t i o n s  of  t h e  f l u o r i d e  

c a r r i e r  s o l u t i o n  i n t o  f o u r  s e p a r a t e  50 m l  c e n t r i f u g e . t u b e s .  
. . 

4. Add 20 m l  of Lanthanium c a r r i e r .  

5.  F i l t e r  w i t h  s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed g l a s s  

f i b e r  f i l t e r  p laced i n  t h e  f i l t e r  h o l d e r .  

NOTE: The p r e c i p i t a t e  appearance w i l l  be a  whi te  g e l a t i n o u s  

. . 

6.  : . ~ i n s e : ; $ h e  . 
. 

c e n t r i f u g e  tube  w i t h  e t h y l  a l c o h o l  a n d  . pour . .  
. . 

t h e  r i n s i n g s  ' t h r o u g h  t h e  f i l t e r .  

7 .  Wash t h e  p r e c i p i t a t e  w i th  approximately  1 0  m l  e t h y l  a l -  

cohol  and 1 0  m l  of d i e t h y l  e t h e r .  

-8 .  'weigh t h e  ' f i l t e r  and p r e c i p i t a t e .  on an a n a l y t i c a l  ba l ance  

9.  . S u b t r a c t  t h e  t a r e  weight  of  t h e ' f i l t e r .  t o  o b t a i n  t h e  

weight  of t h e  p r e c i p i t a t e ,  

10. .Fou r  ' s t a n d a r d i z a t i o n s o f  t h e  c a r r i e r  s o l u t i o n  should  be 

performed. The spread  , i n  r e s u l t s  should be l e s s  t han  0.5%. 



FLUORIDE CARRIER .'(contJd) 
(.lo mg/ml). 

CALCULATIONS 

ml (aliquote) 



.IODINE CARRIER 
. , 

( 1 0  m g / m l )  

1. D i s s o l v e  13 .1  grams of potass ium i o d i d e  ( K I )  i n  200 m l  

o f  wa te r .  

2.. Di lu . te  t o  1 - l i t e r  w i th  'wa te r  and shake f o r  .l o r  2  minutes .  

3. P i p e t  a c c u r a t e l y  f o u r  5 . 0  m l  p o r t i o n s  of  t h e  c a r r i e r  so-  

l u t i o n  i n t o  f o u r  . . s e p a r a t e  100 m l  b e a k e r s . '  

4. ~ c i d i f ~  w i t h  1 m l  concen t ra ted  n i t r i c  a c i d  ( H N O ~ ) .  

5. -Add about  2  m l  0.1M pa l lad ium c h l o r i d e  (pdc12)  t o  p r e c i -  

p i t a t e  a l l  t he ' . 1 -  .' 

6.  ' . ~ i ~ e s t " . t h e  p r e c i p i t a t e  on a  h o t  p l a t e  f o r  1 0  minutes .  

. . 

7 .  . ' . . ~ i l t ~ r : w i ~ h : ~ ~ g u c ~ i o n  . ,  . . . . . . t h e  p r e c i p i t a t e  on to  8 weighed g l a s s  
. .  . 

. .. . . . . .  

. f i b e r  . . f i l t e r  p ' i a i e d  i n .  t h e  f i l t e r  h o l d e r .  
. . .  . . 
. . i  . .  . . 

. . .  . . 
' . .  . ,  . . . . . 

. . . . :  . . 

8. Rinse t h e b e a k e r  w i th  e t h y l  a l c o h o l  and pour t h e  r i n s - .  

i n g s  through the f i l t e r .  . . 

9.  Wash t h e ,  p r e c i p i t a t e  w i t h  app rox ima te ly .10  m l  e t h y l a l -  

obhol and : l O " m l ,  of d i e t h y l  e t h e r .  
. . .. . ' .  . . 

10 .  P lace  t h e  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n  an oven 

and d r y  a t  110' C f o r  30 minutes .  Cool i n  a  d e s i c c a t o r  f o r  



IODINE CARRIER ( ~ o n t  Id)  
(10 mg/ml) 

11. .Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  

ba lance  t o  t h e  n e a r e s t  0 . 1  rng. 

12 .  . S u b t r a c t  t h e  t a r e  weight  of  t h e  f i l t e r  t o  o b t a i n  t h e  

weight  of t h e  p r e c i p i t a t e .  

13. Four s t a n d a r d i z a t i o n s  of t h e  c a r r i e r  s o l u t i o n  should 

be performed. The -spread i n  r e s u l t s  should be l e s s  than  

' 0.5%. 

CALCULATIONS 



I R O N  CARRIER 

1 .  .D i s so lve  48.4 grams of i r o n  c h l o r i d e  FeCl ., 6 ~ ~ 0  i n  
3 .  

1 N  hyd roch lo r i c  a c i d  ( H C ~ ) .  

2 .  D i l u t e  t o  1 - l i t e r  w i th  1 N  h y d r o c h l o r i c .  a c i d  ( H C ~ )  and 

shake f o r  .l o r  2 minutes .  

3 .  P i p e t  a c c u r a t e l y  f o u r  5 .0  m l  p o r t i o n s  of  t he .  c a r r i e r  

s o l u t i o n  i n t o  f o u r  . s e p a r a t e  t a r e d  p o r c e l a i n . c r u ~ i b l e s .  

. . 

4. Add concen t r a t ed  ammonium hydroxide dropwise to' p r e c i -  

p i t a t e  i r o n  hydroxide ( F ~ ( o H ) ~ ) .  

. , 

5. .   vapor ate t o  d rynes s  under  an  . i n f r a - r e d  lamp. 

6 .  . I g n i t e  i n  amuf'fle fu rnace  . a t  7000 C f o r  15 minutes .  

7 .  Cool and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  t ~ e 2 0 3 )  o n '  

an a n a l y t i c a l  b a i i n c i  t o  t h e  n e a r e s t  0.1 m g .  
. . . . 

8. . P l a c e  t h e  ' c r u c i b l e  c o n t a i n i n g  . t he  p r e c i p i t a t e  i n  an  

oven ,and . . d r y " a t  . ' 110' C f o r  20 minutes .  
. . 

. . 

. . .  . . '. . . . 

9. ' Cool f06,:,20 minu te s  i n  a  d e s i c c a t o r  and,  reweigh.  
. . . . 

. . . . . .  . . .  . . 

10: Repeat s t e p s . 8  .and 9 u n t i l  c o n s t a n t  weight  i s  ob t a ined .  

11. Four s t a n d a r d i z a t i o n s  of t h e  c a r r i e r  . s o l u t i o n  should be 

performed. . The spread i n  . r e s u i t s  should be l e s s  than  0.5%. 



I R O N  CARRIER ( ~ o n t  Id)  
(10 mg/ml) 

CALCULATIONS 

~e(mg/ml)  = ( w ( P P ~ )  ' ~ e ~ 0 ~ ) ( 0 . 6 9 9 4 )  

m l  ( a l i q u o t e )  



.LANTHANUM CARRIER 

(10  mg/ml) 

1. Disso lve  15.6 grams lanthanum n i t r a t e  ( L ~ ~ ( N O ~ ) ~  6 ~ ~ 0 )  

i n  200 m l  of  wate r .  

2. . D i l u t e  t o  1 - l i t e r  w i t h  wa te r  and shake f o r  1 o r  2 minutes .  

3. P i p e t  a c c u r a t e l y  f o u r  5.0 m l  p o r t i o n s  of t h e  c a r r i e r  so-  

l u t i o n  i n t o  f o u r  . s e p a r a t e  50 m l  c e n t r i f u g e  . t u b e s .  

4. Add 15 m l  of wa te r .  and p l ace  i n  .a beake r  h a l f  f i l l e d  w i t h  

w a t e r  and h e a t  on a h o t  p l a t e  t o  b o i l i n g ;  

5. While h e a t i n g  on t h e  h o t  p l a t e  and s t i r r i n g ,  add 1 5  mi 

of s a t u r a t e d  o x a l i : ~  a c i d .  

6 .  F i l t e r  w i t h .  s u c t i o n  . . t h e  p r e c i p i t a t e  on to  a  weighed . g l a s s  

f i b e ' r  f i l t e r  i n  t h e  f i l t e r  h o l d e r .  

7 .  R i n s e  t h e  c e n t r i f u g e  tube w i th  e t h y l  a l b o h g l  and pour 
. . . '  . 

t h e  r i n s i n g s . t h r o u g h  t h e  f i l t e r .  

8 .  Wash t h e ,  p r e c i p i t a t e  w i t h  approx imate~ly  1 0  ml, e t h y l  a l -  

cohol  and ."I0 . . m l  of d i e t h y l  e t h e r .  
. . 

'. . ( . . . .  . 
, . ,  . . . . . .  . . . 

9 .  : P l a c e  t h e  f i l ' t e r  con t a in ing  t h e  p r e c i p i t a t e .  i n  a n  oven 

and d r y  a t  110' C f o r  10-15 minutes .  Cool i n  a  d e s i c c a t o r  

f o r  15 minutes .  

10 .  Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an. a n a l y t i c a l  b a l -  

.ante t o  t h e  n e a r e s t  0 . 1  mg'. 

-32- 



LANTHANUM CARRIER ( ~ o n t  ' d )  
. ( l o  mg/ml) 

11. . S u b t r a c t  t h e  t a r e  weight  of t h e  f i l t e r  . t o  o b t a i n  t h e  

weight  of  t h e  p r e c i p i t a t e .  

1 2 .  . F o u r  s t a n d a r d i z a t i o n s o f  t h e  c a r r i e r  s o l u t i o n  . s h o u l d ' b e  . .. 

performed . . The spread . i n  r e s u l t s  should be l e s s  t han  ,0.5)%. 

CALCULATIONS 

m l  ( a l i q u o t e )  



MANGANESE CARRIER 

(1.0 mg/ml) 

1. . D i s s o l v e  16 grams of Manganese d i o x i d e  i n  50 m l  of con- 

c e n t r a t e d  hyd roch lo r i c  a c i d  ( H C 1 ) ( 1 2 . 1 ~ ) .  

NOTE: . Heat ing .may be neces sa ry  t o  d i s s o l v e .  

2 .  D i l u t e  t o  1 - l i t e r  ,w i th  (1-3) hyd roch lo r i c  a c i d  s o l u t i o n .  

( H C ~ )  and shake f o r  1 o r .  2 minutes .  

3. P i p e t  a c c u r a t e l y  f o u r  5 .0  m l  p o r t i o n s  of t h e  c a r r i e r  so-  

l u t i o n  i n t o  f o u r  . s e p a r a t e  50 m l  c e n t r i f u g e  t u b e s .  

4. Add 1 0  m l  concen t ra ted  n i t r i c  a c i d  ( H N O ~ )  ( 1 5 . 7 ~ )  t o  

each c e n t r i f u g e  t u b e .  

5. Add 2 m l  s a t u r a t e d  sodium bromate ( ~ a ~ r 0 ~ )  s o l u t i o n .  .and 

b o i l  f o r  t h r ee ,  .minutes '  by p l a c i n g  t h e  c e n t r i f u g e  t ubes  i n -  

b t o a b e a k e k  . h a l f  . f i l l e d  w i t h  wa te r  and p l a c e  on a  : h o t p l a t e .  
. . 

. . .  . . 

6'. . .  ...' . F i l t e r . w i t h  . s u c t i o n  . t h e  p r e c i p i t a t e  on to  a  weighed 
. . . . . , . . . 

, . . . 

g l a s s f i b e r  . . ' f i l t e r  placed . i n  t h e  f i l t e r  h o l d e r .  
. . 

7 .  ' : Rinse " the  c e n t r i f u g e  . t ube  .wi th  - e t h y l  a l c o h o l  and pour 
I . '  I .  I .  

t h e  r i n s i n g s  t h r o u g h  the  f i l t e r .  

8. .Wash t h e  p r e c i p i t a t e  w i th . app rox ima te ly  '10 m l  e t h y l  a l -  

cohol  and 1 0  m l  of d i e t h y l  e t h e r .  

9 .  P l a c e  t h e  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  - i n  an oven 

a n d d r y  a t  110' C f o r  1 0  t o  20 minutes .  C . 0 0 1  i n  a  d e s i c c a -  

: t o r  f o r  1 0  t o  20 minutes .  

-34- 



MANGANESE CARRIER ( Cont d ) 
110 mg/ml) 

10 .  Weigh t h e f i l t e r  and p r e c i p i t a t e  on a n  : a n a l y t i c a l  b a l -  

.ante' t o  t h e  . n e a r e s t  0 . 1  lng. 

11. . S u b t r a c t  t h e  t a r e  .weight of t h e  f i l t e r  t.0 o b t a i n  t h e  

weight  of t h e  p r e c i p i t a t e .  

1 2 .  . Four , s tandardizat . ionsof  t h e  c a r r i e r  . s o l u t i o n  . should  be 

performed.  T h e  s p r e a d .  i n  : r e s u l t s  should be l e s s  t h a n  0.5%. 

CALCULATIONS 

m l  ( a l i q u o t e )  



NICKEL CARRIER 

(10  mg/ml) 

1. Disso lve  .1.00 gram ( p u r e )  n i c k e l  me ta l  powder I in .25  m l  

concen t r a t ed  n i t r i c  a c i d .  

. 2 .  . D i l u t e  . t o  100 m l  w i t h  .wa te r  .and shake . f o r  :1 o r  2 minutes .  

. NOTE.:/ If t h e  n i c k e l  m e t a l .  i s  weighed on a n  . a n a l y t i c a l  b a l -  

ance t o  t h e  , n e a r e s t  0 . 1  mg, s t a n d a r d i z a t i o n  . w i l l  n o t  be 

neces sa ry .  



POTASSIUM CARRIER 

(10  mg/ml) 

1. .Dry approximately.19 grams of primary s tandard ,potass ium 

ch lo r ide    KC^) s a l t  a t  1100 C f o r  1 - h o u r .  

. 2 .  .S to re  the dr.ied . s a l t  i n  -a  .glass-stoppered weighing . b o t t l e  

i n s i d e  .a des$Ccator. 

, '  

3 .  Weighthe  d r i e d  s a l t  on an a n a l y t i c a l  balance t o  the  

4.  .T rans fe r  . the  .weighed s a l t  t o  a  1 - l i t e r  volumetric f l a s k  

.and f i l l  w i t h . w a t e r  t o  the  c a l i b r a t e d  l i n e .  

( 5. Mix thoroughly f o r  5 or 10 minutes. 

CALCULATIONS' 
. . . . 

. Calculate  the  concentrat ion.  . a s  fol lows : 

I 

i ,  ~(mg/ml )  = ( m g ~ ~ 1 ) ( 0 . 5 2 4 4 )  

(1000 m l )  



RUBIiDIUM -C A RRIER 
.i 

1. .Dissolve 14.2 grams of .rubidium ch lo r ide  ( ~ b ~ l )  ' i n  

500 m l  of 'water .  

2. . F i l t e r  .off any undissolved m a t e r i a l .  and d i l u t e  the  fil- 

t r a t e  t o  l - l i t e r .  

3. . P i p e t  accura te ly '  four 5 .0  m l  po r t ions  of the c a r r i e r .  

- s o l u t i o n ' - i n t o  f o u r  .&para te  + c ' 5 0  m l  cen t r i fuge  tubes.  

44 Adjust the  yolume t o  10  m l  wi th 6 N  hydrochloric  ac id  ( H C ~ ) .  

5. Add .4  m l  o f .  c h l o r o p l a t i n i c  a c i d .  
3 '  , 

6.  . S t i r  f o r . : l  o r  .2 minutes and l e t  s tand . f o r  t en  .minutes a t  

, 7 .  . ~ i l t e r ' w i t h  suc t ion  the  . p r e c i p i t a t e  onto 'a weighed gl-ass 
. . 

f i b e r  : f i l t e r  placed . i n  the  . f i l t e r  :holder.  I I 

I /  8. Wash the p r e c i p i t a t e  t h r e e  times with 5 m l  po r t ions  of , 

6 N  hydrochloric  acid ' ( H c ~ )  . 

9 .  Wash the p r e c i p i t a t e  with approximately 5 m l  e t h y l  a l -  

cohol and 5 m l  of d i e t h y l  e t h e r .  
I 

10.  Place t h e , f i l t e r  con ta in ing . the  p r e c i p i t a t e  i n  an oven 

and d ry  a t  110' C f o r  20:minutes.  Cool i n  a  d e s i c c a t o r  f o r  

.20 .minutes. 



11. Weigh the  f i l t e r  a.nd p r e c i p i t a t e  .on an a n a l y t i c a l  balance 

t o  the  n e a r e s t  0 .1  rng. 
I 

. 12 .  Subt rac t  t h e  t a r e  ,weight of . the  . f i l t e r  t o  obt,ain the  

weight of t h e  p r e c i p i t a t e .  

13.  . Repeat. Steps 10, 11 and 12 u n t i l  constant  $e ight  . i s  ob- 

t a ined .  
. . 

.14.' . .Four  .s tandardizat ion3 of the  c a r r i e r  s o l u t i o n  should. be 

performed . . The s p r e a d  i n  r e s u l t s  should be : l e s s  than 6.5%. 

CALCULATIONS 



SODIUM CARRIER 

(10  mg/ml) 

1. . Disso lve  -2.5420 grams of sodium c h l o r i d e  ( ~ a ~ 1 )  - i n  .water .  

NOTE: .Sodium c h l o r i d e  c r y s t a l s  should be d r i e d  i n  .an  .oven . a t  

110° C f o r  .l hour.  Cool i n  .a  d e s i c c a t o r  b e f o r e  weighing 

on an . a n a l y t i c a l  ba l ance .  

2 .  ' .  D i l u t e  t o .  100 m l  w i t h  .wa te r  .and shake f o r  .1 o r  ' 2  .minutes. . : 

NOTE: Th i s  need n o t  b e , s t a n d a r d i z e d  i f  weighed a c c u r a t e l y .  



STRONTIUM CARRIER 

(10  w/ml) 

4 ~  0 1.  iss solve 32.4 grams of s t r o n t i u m  n i t r a t e  ( s ~ ( N o ~ ) ~  . 

i n  .water .  

2 .  D i l u t e  t o  1 - l i t e r  w i t h  wa te r  and shake f o r  1 o r  2 minutes .  

3 .  . P i p e t  a c c u r a t e l y  f o u r  5 .0  m l  p o r t i o n s  of t h e  c a r r i e r . s o -  . . . . . .. . .. 

l u t i o n  i n t o  f o u r  t a eed  p o r c e l a i n  c r u c i b l e s .  

4 .  Add 500 ( 0 . 5  ml )  of 1.5N s u l f u r i c  a c i d  ( ~ ~ ~ 0 4 )  s o l u t i o n .  

5. With c a u t i o n ,  c a r e f u l l y .  s t ir  t h e  .mix ture  . ,with. .a t h i n  g l a s s  
I ! \ 
I 1 .- 

s t i r r i n g  . rod .  
I 
I 

i 6. Wash t h e  . s t i r r i n g  . rod  wi th .  . a  minimum q u a n t i t y  of wate r ,  . . .. , 

whi le  c o l l e c . t i n g  . t h e  washings i n  t h e  . c ruc ib le . ;  

.7.  ' .Evapora te  t o  d rynes s  under  .an . i n f r a - r e d  h e a t  'lamp. 

8. . I g n i t e .  t h e  c r u c i b l e s  . i n  a  muff le  - f u r n a c e  a t  500° C f o r  

. l5  minutes .  

- 9 .  Cool and weigh t h e  c r u c i b l e s  and p r e c i p i t a t e s  on .an  .ana- 

l y t i c a l  ba lance  t o  t h e  . n e a r e s t  0 . 1  m g .  

10 .  . P l a c e  t h e  c r u c i b l e  c o n t a i n i n g  t h e  , p r e c i p i t ' a t e  i n  . an  

oven and d r y  a t  110° C f o r  .20 minutes .  . . 

11. Cool f o r  20 minutes  , i n  . a  d e s i c c a t o r  .and reweigh.  



1 2 .  R e p e a t  s t e p s  1 0  and 11 u n t i l  c o n s t a n t  weight  i s  ob t a ined .  

13. .Fou r  . s t anda rd i za t i o r s . o f  t h e  c a r r i e r  . s o l u t i o n  . should  be 

performed. The . spread i n  : r e s u l t s  . should  be, . l e s s  t han  '0.5%. 

CALCULATIONS 



TUNGSTEN CARRIER 

1. Disso lve  1.8 grams sodium t u n g s t a t e  ( ~ a ~ ~ 0 . 4  ' 2 ~ ~ 0 )  i n  

wa te r .  

2. . D i l u t e  t o  1 - l i t e r  w i t h ' w a t e r  and shake f o r  1 o r  .2  minutes .  

3. . P i p e t  a c c u r a t e l y  f o u r  5 .0  m l  p o r t i o n s  of t h e  c a r r i , e r  so-  

l u t i o n  i n t o  f o u r  s e p a r a t e  50 m l  c e n t r i f i g e  t u b e s .  

4.  .Add 10 m l  concen t r a t ed  n i t r i c  a c i d  and p l ace  i n . a  beaker  . . ., 

h a l f  f i l l e d  wi'th w a t e r  .and h e a t  on a  h o t  p l a t e .  B o i l  f o r  

1 0  minutes .  

5.  F i l t e r  w i th  s u c t i o n  t h e  p r e c i p i t a t e  on to  an a s h l e s s  f i l -  

t e r  paper .  .. 

6. . ~ l , a c e  t h e  f i l t e r  p i p e r i n  a  t a r e d  40 m l  p o r c e l a i n  . . .  c r u -  

c i b l e  and ' d r y  under a. h e a t  lamp. 

7 .  C o v e r a n d  i g n i t e  f o r  1 0  minutes  i n a  muff le  fu rnace  a t  
. . 

80.0° . C . .: . . 

8. :Remove t h e  cover  and continue.  t h e  i g n i t i o n  f o r  '30 minutes .  
- . .  

9. Cool and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  I (w03) o n a n  

a h a l y t i c a l  ba lance  t o  t h e  n e a r e s t  0 . 1  mg. 

10 .  . P l a c e  t h e  c r u c i b l e  con ta in ing  t h e  p r e c i p i t a t e  . i n  .an 

oven and d r y  a t  110' C f o r  20 minutes .  



11. Cool f o r  10-15 .minutes  . i n  a  d e s i c c a t o r  and reweigh.  

12 .  . Repeat s t e p s  1 0  and ,ll u n t i l  c o n s t a n t  weight  i s  . ob t a ined .  

13. Four s t a n d a r d i z a t i o n s  of t h e  c a r r i e r  . s o l u t i o n  .should be 

performed.  T h e  spread i n  r e s u l t s  should be l e s s  t han  0.5%. 

CALCULATIONS 

- 

m l  ( a l i q u o t e )  



YTTRIUM CARRIER 

(10  m g / m l )  

1. .D i s so lve  43 grams of y t t r i u m  n i t r a t e  Y ( N O ~ ) , ~  6 ~ ~ 0  i n  

500 m l  of wate r .  

2. Add 5 m l  of 6N n i t r i c  a c i d  ( ~ ~ 0 3 ) .  

3. . D i l u t e  t o  1 - l i t e r  and shake f o r  .1 o r .  2  minutes .  

4. P i p e t  a c c u r a t e l y  f o u r  5.0 m l p o r t i o n s  of t h e  c a r r i e r  

s o l u t i o n  i n t o  Pour .  s e p a r a t e  50 m l  c e n t r i f u g e  t u b e s .  

, 5. Add 1 0  m l  of wa te r  a n d . h e a t  t o  b o i l i n g .  

6 .  While s t i r r i n g ,  add 20 m l  of s a t u r a t e d  ammonium o x a l a t e  

7 .  .Heat  f o r  t e n  minutes  on a . h o t  wa te r  b a t h  and then  coo l  
. .. . - . - 

i n  an i c e  b a t h  f o r  1 0  minutes .  . 

8. Cen t r i fuge  t h e  y t t r i u m  o x a l a t e  Y ~ ( c ~ ~ ~ ) ~  and decan t  t h e  

s u p e r n a t a n t .  

I 
1 9 .  S l u r r y  t h e  p r e c i p i t a t e  i n  1 0  m l  of w a t e r  and f i l t e r  

through a  Whatman No. 40 f i l t e r  paper .  

10 .  Wash t h e  p r e c i p i t a t e  w i t h  t h r e e  10 m l  p o r t i o n s  o f  wa te r .  

1 11. T r a n s f e r  t h e  p r e c i p i t a t e  t o  a  t a r e d  p o r c e l a i n  c r u c i b l e  

1 b and d r y  under  a  h e a t  lamp. 



YTTRIUM CARRIER (Cont d  ) 
1 1 0  m g / m l )  

12 .  Cover and i g n i t e  f o r  1 0  minutes  i n  a  muff le  fu rnace  a t  

800° c .  

13. .Remove t h e  cover  a n d c o n t i n u e  t h e  i g n i t i o n  f o r  .l hour .  

1 4 .  Cool and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  (y203) on 

an a n a l y t i c a l  ba l ance  t o  t h e  n e a r e s t  0 . 1  mg. 

15. . P l a c e  t he  c r u c i b l e  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n  .an oven 

and d r y  a t  130' C f o r  20 minutes .  

16 .  Cool f o r  20 minutes  i n  a  d e s i c c a t o r  and reweLgh; 

17. Repeat s t e p s  15 and 16 u n t i l  c o n s t a n t  weight  i s  ob t a ined .  

18. Four s t a n d a r d i z a t i o n s o f  t h e  c a r r i e r  s o l u t i o n  should be 

performed. ,  The spread  i n  r e s u l t s  should be l e s s  than  .0.5$. 

CALCULATIONS 

Y ( ~ / n l )  = ( w ( P P ~ )  Y203 (0 ,7875)  
m l  ( a l i q u o t e )  



ZIRCONIUM CARRIER 

( l o  mg/ml) 

1. D i s s o l v e  30 grams of z i r c o n y l  n i t r a t e  ( z ~ o ( N o ~ ) ~  : 2H20 

i n  approximately  300 m l  of  w a t e r .  ( ~ d d  s u f f i c i e n t  n i t r i c  

ac id  ( H N O ~ )  t o  make $he , s o l u t i o n  4~  i n  n i t r i c  a c i d  ( H N O ~ ) .  ) 

2. F l A t e - ~  and make t h e  f i l t r a t e  u p  t o  a  volume . o f  . l - , l i t e r - . :  

w i th  4N n i t r i c  a c i d  ( H N O ~ ) .  (:shake t h e  s o l u t i o n  : f o r  1 o r  

2  m i n u t e s ) .  

3. P i p e t  a c c u r a t e l y .  f o u r  5 .0  m l  p o r t i o n s  of t h e  c a r r i e r  

s o l u t i o n  i n t o  f o u r  s e p a r a t e  50 m l  c e n t r i f u g e  t ubes .  

4 .  Make t h e  s o l u t i o n  2N hydroch lo r i c  a c i d  ( H C ~ )  and c o o l  

i n  an i c e  b a t h .  

5. Add approx imate ly  2 m l  . of 6% cupfe r ron  r e a g e n t .  and f i l -  

t e r  w i t h  a  f i i t e r  f u n n e l  , us ing.  s Whatman No. 42 f i l t e r  paper .  

6. Wash t h e  p r e c i p i t a t e  .w i th  . l N  hyd roch lo r i c  a c i d  ( H C ~ )  

c o n t a i n i n g .  a.  l i t t l e  cupf e r r o n .  

.NOTE; ' .Keep a l l  s o l u t i o n s  and z i rconium d e r ~ v a t i v e  of  cup- 
L' 

f e r r o n  c o l d .  

7.  . T r a n s f e r  t h e  p r e c i p i t a t e  t o  a  t a r e d  p o r c e l a i n  c r u c i b l e  

and d r y  unde r  a  h e a t  lamp. 

8. Cover and.  i g n i t e  f o r  1 0  minutes  i n  a  muff le  fu rnace  a t  

700' C .  



ZIRCONIUM CARRIER ( ~ o n t  'd ) 
(10 mg/',ml) 

9.  .Remove t h e  cover  and con t inue  t h e  i g n i t i o n  f o r  .1 hour .  

10 .  Cool and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  ( z ~ o ~ )  on 

an a n a l y t i c a l  ba l ance  t o  . the  n e a r e s t  0 . 1  mg. 

11. Place  t h e  c r u c i b l e  c o n t a i n i n g  t h e  p r e c i p i t a t e  * i n  .an 

.oven and d r y  a t  110' C f o r ' 2 0  minutes .  

1 2 .  .Cool  f o r  20 minutes  i n  a  d e s i c c a t o r . a n d  reweigh.  

13. Repeat s t e p s  11 and 12  u n t i l  c o n s t a n t  weight  i s  ob- 

t a i n e d .  

Four s t a n d a r d i z a t i o b  of t h e  c a r r i e r  should 

be performed.  The . sp read  . i n  r e s u l t s  should be l e s s  than  

0.5%* 

z r  ( m g / m l )  = ( m g ( p p t ) ~ r 0 ~ ) ( 0 . 7 4 0 2 )  
m l  ( a l i q u o t e )  



SECTION ,111 

COUNTING TECHNIQUES AND DATA.HANDLING 

This  s e c t i o n  w i l l  provide a  working knowledge t o  analyze and r e -  

p o r t  d a t a  i n t e l l i g e n t l y .  Also t h i s  s e c t i o n  w i l l  a i d  i n  under- 

s tanding how the  methods of s t a t i s t i c s  may be appl ied  t o i d a t a  o b  

t a ined  from s e c t i o n  V " ~ a d i o c h e m i s t r y  ~ r o c e d u r e s " .  

COUNTING ERRORS 

1. The Standard-Deviat ion - The s tandard d e v i a t i 0 n . i ~  the  

b a s i s  of a l l  e r r o r  c a l c u l a t i o n s  i n  r a d i a t i o n  counting. 

d~ =- 

.Where: UN = standard dev ia t ion  of  N 

N = observed counts 

Therefore i f  N counts . a r e  observed i n . T  minutes, .  R t he  count 
N .  

r a t e  R = 5 and the  .. standard dev ia t ion  $R of the  'count r a t e  

equals  the  square roo t  of the  observed counts divided by the  

time : - 

For example, i f  40,000 counts a r e  observed i n  lO.minutes,  

Then . N  = 40,000 
T = 10 -1 

. R  =:N = 40,000 = 4,000 C min 
T 10 

Therefore : 

( f ~  =VN =7/40,000 = 200 counts - 
3-0 - 200 = 20 c min U'R = 10 - 

= 10 

Therefore,  the  t r u e  count r a t e  R and the  s tandard devi .a t ion of 

t h a t  count  i a t e R  i s  4,000 c min -' - + t he  s tandard dev ia t ion  of 



B . CONFIDENCE .LEVELS 

1n. the.  example mentioned.above, i f  we say t h a t  the  t r u e  count 

r a t e  R = 4,000 C min-I 2 2 0 ~  min-l, we have assigned an e r r o r  

of 1 standard - dev ia t ion .  S t a t i s t i c a l  p r i n c i p l e s  show t h a t  the 

d i s t r i b u t i o n  .of. e r r o r s  f o r  a  .random process  such a s  r ad ioac t tve  

decay fol lows a . b e l l .  shaped d i s t r i b u t i o n  curve.  I f  we ass ign  

an' e r r o r  t o  the  observed.count  r a t e  of 1 .standard dev ia t ion ,  

the  t r u e  count r a t e . w i l l  on the  average l i e  wi th in  the  quoted 

. e r r o r  l i m i t s  2/3 o r  67 pe rcen t  of t h e  t ime. I f  we ass ign  . a n  

e r r o r  of 2 . s t andard .dev ia t ions ,  the t r u e  count r a t e  w i ' l l  l i e  

wi th in  the  s t a t e d  . e r r o r  l i m i t s  of 95%. of  the  t ime. I f  we 

a s s i g n .  an.  er,ro.r of 3 .s tandard dev ia t ions ,  the  true.  number w i l l  

l i e  wi th in  the  quoted e r r o r  l i m i t s  of 99.9% of  t h e . t i m e .  I 

would. l i k e  t o  .po in t  out  a s  long a s  you understand . the proba- 

b i l i t i e s  connected.with the  e r r o r  you quote,  you may use any 

... number. of s tandard deviations you wish. 

.The.relationship-bekween t h e  number of s tandard dev ia t ions  and 
. . . . 

t he  p r o b a b i l i t y  t h a t  the  t r u e  number l i e s  wi th in  the  e r r o r  
. . 

l i m i t s  . q u o t e d . i s  . summarized a s  fol lows:  

P r o b a b i l i t y  t h a t  
' the  t r u e  number Number. of I n  

l i e ' s  . w i t h i n .  the  s tandard devi -  c/m 
, Name of  Confidence quoted . e r r o r  l i m i t s  . a t i o n s  u s e d 6  e q u a l .  t o  

.Standard devia .  0.67 1 N /T 



B. CONFIDENCE LEVELS ( ~ o n t  inued) 

It i s  considered good p r a c t i c e  i n  r a d i a t i o n  counting to  use 

the  two sigma[2@]error (95% e r r o r  o r  95% confidence level) ' .  I f  

you use the  two sigma e r r o r  c o n s i s t e n t l y  and the  equipment you 

a r e  using i s  t r u l y  reproducible ,  you can be conf ident  t h a t  t h e  

t rue< numbers l i e  wi th in  the  quoted e r r o r  l i m i t s  95% of the  

t ime. For example, i f  you observe 900 counts i n  15 minutes, 

the  95% confidence i n  counts pe r  minute i s  twice the  square 

r o o t  of the  number of counts divided by t h e  time o r  

N = 900 counts,  T = 15 minuts, R = 60 c/m 

95% conficence = 2 i N / T =  4900715 = 2  (30)/15 = 4 c/m 

Tnue count r a t e  R= 60 - + 4 c/m (95% confidence) 

C .  C H I  - SQUARED TEST 

when a  ,counter and i t s  e l e c t r o n i c  components a r e  opera t ing  
. . 

proper ly ;  the  accuracy i n  determining the counting r a t e  of 

a  source i s  l imi ted  by the random nature  of the  d i s i n t i g r a t i o n  
. . 

. . . . 

pro.ce'ss. . I f  i t  i s  not  working properly;  repeated c.ounts on 

the  same sample w i l l  be such t h a t  on the  av.erage counts w i l l  
. . 

be o u t s i d e t h e  Chi-square l i m i t s .  
. . . . 

Chi-square i s  def ined a s  follows: 
r-- - 

Chi-square = 1 ( x i  - X ) 2  

where : 
W 

X i  = observed count f o r  each determinat ion 
. . 

= mean count ( ave rage) .  



C . -.--- C H I  - .  SQUARED TEST (cont inued)  

The following t a b l e .  shows the  allowed l i m i t s  of Chi-square f o r  

d i f f e r e n t  numbers of de terminat ions .  

.Allowed Limits  of Chi-square beyond which i t  i s  9 9 - p e r c e n t  

c e r t a i n  t h a t  s t a t i s t i c a l  r e ~ r o d u c i b i l i t s  i s  lacking  

Number of 
De terminat. ions Chi-seuare l i m i t s  

CAUTION : 

Repl ica te  counts should be made wi th  the  same sample and - not  on 

supposedly dup l i ca te  samples. 

. . 

An example of Chi-.square t e s t  where 10 counts ;were taken: 
- 2 

Determination X i  X i  - X ( x i  -x) 

Chi-square = .x ( x ~ - T ) ~  = 13,579 = 12.6 f o r  10 determinat ions 
.- 

X 1074 



C .  . CHI-SQUARED TEST (cont inued)  

For  10 determinat ions the .  Chi-square l i m i t s  a r e  2-22,. s ince  

the  above example ind ica ted  12.6 f o r  10 de t i rmina t ions .  There- 

f o r e ,  t h e r e  i s  no .evidence of any s t a t i s t i c a l  nonreproducib i l i ty  

i n  the  example. 

D . PLATEAU DETERMINATION 

A p la t eau  i s  determined by inc reas ing  the  vol tage,  the  count 

r a t e  w i l l  increase  r ap id ly  and then  approach a cons tant  value.  

Fur ther  vol tage inc reases  r e s u l t  i n  only s l i g h t  inc reases  i n  

counting r a t e ,  the re fo re ,  t h i s  region i s  c a l l e d  the  p l a t e a u .  

The end of the  p l a t e a u  i s  ind ica ted  by a  second rap id  counting 
i 

r a t e  increase  a s  t h e  region of continuous discharge i s  reached. 

The fol lowing , i s  t h e .  procedure : 

: Place a  NBS - .Radium:.DEF source i n  the .  p ropor t iona l  counter  and 

a d j u s t  the  high vol tage t o  the  p o i n t  where the  counting begins.  

This  i s  c a l l e d  the  s t a r t i n g  vol tage .  Obtain one minute counts 

a t  50 v o l t  increments.  See f i g u r e  I f o r  an  example type p l a t e a u  

curve f o r  a .  f low-type p ropor t iona l  counter .  

CAUTION 

Do not  increase  the  vol tage above the  second  e eta p l a t e a u  

on f i g u r e  -I) increase  i n  count r a t e .  

E . COUNT,.ING:- EFFICIENCY 

This. p o r t i o n  of s e c t i o n : I I I  w i l l  show how t o  determine counter  

e f f i c i e n c y .  Therefore,  i n  o rde r  t o  r e l a t e  count r a t e s  t o  a  

d i s s i n t e g r a t i o n  r a t e ,  a l l .measurements  should be converted t 0 . a  



COUNTING. EFFICIENCY - 

common base. This base is the absolute disintegration rate 

of standard calibrated sources. The ratio of the count rate 

obtained to the distintegration rate of the source is known 

as the counting efficiency. 

PROPORTIONAL COUNTERS 

Place the beta.or alpha standard in the sample drawer and count 

for 10 minutas.or longer until at least 10,000 counts have been 
I 

accumulated. 

NOTE: ,For the beta standard, set the voltage on the beta 

plateau and for the alpha standard set the voltage on the 

alpha plateau. . See section. 111-D on plateau determination 

for. further information. 

Divide the net counts by the time counted. 

NOTE:. Net counts means total coukit.6 minus the background 

counts. . Then divide the counts .per minute by the disite- 

gration rate of the standard. 

NOTE: The disintegration rate of the standard.should be 

corrected for decay since standardization. 

EXAMPLE 

A carbon-14 standard with a disintegration rate of 1 . 1 ~ 1 0 ~  disinte- 

gration per minute gives 16,870 counts in 10 minutes. .The counter 

background is 12 counts .per minute. 



FIGURE I 

Counting r a t e  v s  counter vol tage  f o r  a flow-type Proport ional  counter. 

. . . .  Source .used-NBS-~a-D-E-F source 

Counter Voltage, Volts  



16,870 
Net counts p e r  minute = ('7 - (12)  

'Net cpm = 1675 
1675 4 - 

Therefore the  coun t ing  e f f i c i e n c y  i s :  e f f .  =l. 1x10 = .152 - 

GAMMA -RAY COUNTING 

Gamma rays  a r e  measured .by a . s c i n t i l l a t i o n  counter .  . Gamma 

rays  from a  t e s t  sample e n t e r  a  d e t e c t o r  c r y s t a l  ( e g .  N a  I ( ~ 1 )  

Sodium . iod ide  c r y s t a l ) ,  t r a n s f e r r i n g  a l l  o r .  p o r t i o n s  of i t s  

energy t o  i t .  . The c r y s t a l  then emits  l i g h t  flasHes,, the  number 

of which i s  propor t ional  t o  t h e  energy the  c r y s t a l  recei.ved 

. f r o m . t h e  sample emi t t ing  o f f  Gamma rays .  ,By the  use of s u i t a b l e  

l i g h t  s e n s i t i v e  devices  and e l e c t r o n i c  appara tus  a  pulse  i s  ob- 

t a ined  which i s  r e l a t e d  t o  the  d i s i n t e g r a t i o n  r a t e s  of the  

radionucl ides  i n  the' sample.' 

There a r e  two ways t o  i d e n t i f y  an unkno-wn radionucl ide  by gamma- 

ray counting type te.chnique. The f i r s t  method i s  repeated count ing 

over  a  per iod of  time and p l o t t i n g  a decay curve on semilog 

paper of the  ,count  r a t e  vs time, which w i l l  determine the  h a l f -  

l i f e  o f  the  radionucl ide .  . The gamma-ray energy of the  radionu- 

c l i d e  would be the  second method t o  i d e n t i f y  the  unknown. 

It i s  d e s i r a b l e  t o  c a l i b r a t e  the  multi-channel ana lyzer  so t h a t  

t h e r e  i s  a  convenient f a c t o r  which w i l l  convert  channel number 

t o  Mev (Mil l ion  e l e c t r o n  v o l t s  o r  Kev Kilo e l e c t r o n  v o l t s ) .  

To determine the  counter  e f f i c i e n c y  over,  a range of energies ,  

i t  i s  necessary t o  follow the  procedure a s  o u t l i n e d  below: 

, -56- 



GAMMA .RAY COUNTING (continued) 

1.; Place the following gamma ray standards at various dis- 

tanc'ss and count for. a few minutes until at least 10 4 

counts have been. .accumulated. 

Nuclide Energy of gamma-ray 
[Meu 1 

S Divide the net counts by the time counted. 

NOTE:. Net counts' means total co unt s ,minus the background counts. 
. , . 

3. To dete'rmine,efficiency factor, divide the counts per minute of 

the standard by the disintegration rate of the standard. 

NOTE: The disintegration rate of the standard should be 

corrected for decay since standardization. 



EXAMPLE 

A cesium-137 standaz!d with a d i s i n t e g r a t i o n  r a t e  of 2.0.X 10 
4 

d i s i n t e g r a t i o n  p e r  minute g ives  14,800 counts . i n  10 minutes.  The 

I counter  background i s  22 counts p e r  minute. 

I a )  The a r e a  under the  0.661 photopeak i s  determined by summing 

ind iv idua l  channel d a t a  over  the  e n t i r e  photopeak region 

(0.661 Mev C:s -137) 

-137 
Therefore t h e  counting . e f f i c i e n c y  f o r  C s  0.661 Mev is:  

Net counts .pe r  minute = 14,800 - (22)  
10 

Net cpm = 1458 

F. DATA REPORT 

A l l  sampling, sepa ra t ion  and counting d a t a  should be repor ted  
. . 

on~FomLACBWR-RW-1. . . - A l l  of the  columns may no t  be needed f o r  
. ' . . I  

every a n a l y s i s .  .The one t h a t  i s  needed should be f i l l e d  i n .  

The fol lowing i s  the  def ined terms f o r  t h e  LACBWR-RW-1 form: 

Lab-Number - This  number should be assigned by the chemistry l a b  

Sample Number - The,des ignat ion  of t h e  sample s h a l l  be w r i t t e n  

here I 
Location-Sampling Point  - Location on the  r e a c t o r  system, sukh a s  

the  valve number . . I 
A.nalysis Requested - Data needed, such a s  1 - 1 3 L ,  Gro.ss Beta, e t c .  I 



DATA .REPORT (cont inued)  

Sampling 

Time -.Time when sample was taken - 
Date - Date when. sample. was . taken  - 
Temperature, of Samile - Temperature should be taken 

immediately a f t e r . s a m p l e  has been taken 

. A c t i v i t y  a t  Contact -.Measure a c t i v i t y  using a  Cutie-pPe 

o r  G-M survey meter and report .Mk/~l3 a t  contac t  

Appearance of S a q l e  - Color and i f  suspended s o l i d s  a r e  

p resen t  

Sample Location.c.Temp. - Temperature of the  f l u i d  from .which 

t h e  sample was taken.  

the  sample was taken 

Reactor Power Level -.Power l e v e l  dur ing  t ak ing  the  sample 

Signature  of Samples - The person t ak ing  the  sample should 

s ign  here 

Remarks - Any s p e c i a l  comments concerning the  sample s h a l l  

be w r i t t e n  here,  

S e ~ a r a t  ion '  Data - 
Time -. - .  The time i so tope  was separated from t h e  sample taken 

Date - The d a t e  i so tope  was separated from sample taken 

W t .  of  Sample and F i l t e r  - C a r r i e r  recovered p l u s  the  f i l t e r  

weight.  ..Eg.. See method R C - 1  Step D-26 

C a r r i e r  - Out - Subtrac t  the  w t  of f i l t e r  from the  w t  of Sample + 

. F i l t e r .  ..Eg.. See. method. RC-1 Step D-27 

C a r r i e r  I n  - C a r r i e r  added t o  the  sample before sepa ra t ion . .  Eg. 

see method'.RC-1, Step D - 1  
-59- 



Aliquote -.The amount of sample analyzed sha l l '  be entered  

here .  For water samples t h i s  sha.11 be i n  - m l  and f o r  s o l i d  

samples i n  gm. - 
. .Total  Volume - Tota l  amount of  the  o r i g i n a l  sample. 

Separa t ion  P e r f 0 r m e d . b ~  - The s igna tu re  of t h e  ind iv idua l  

who .performed the  chemical sepa ra t ion  of  the  sample. 

Counting .Da.ta - Two co.lurnns' a r e  a v a i l a b l e  i f  two- i so topes  

a r e  needed such a s  iodine  -1.-131 and. 1-133 o r .  manganese -Mn-54 

and Mn-56, 

I so tope  - . I so tope  counted such a s  1-131, Cr-51 e t c .  

Instrument - The s e r i a l  number of the  counter  used . s h a l l  be 

w r i t t e n .  

Time - The time of s t a r t i n g  the  count sha.11 be wri t . ten he.re 

using 24 hour clock.  

Date - The day-,. month and yea r  of counting s h a l l  be wr- i t ten 
-. 

here .  

at - - - The length  of time, i n  minutes, the  sample was counted 

s h a l l  be entered  here .  

To ta l  Counts - The t o t a l  number o f  counts accumulated over 

the  - t pe r iod .  

Background counts - The t o t a l  number of counts accumulated 

during the  count,er background determinat ion s h a l l  be entered  

here .  . This  counting t.ime period should be the  same a s  

measured during sample counting. 

Net Counts - The d i f f e r e n c e  bktween the  t o t a l  counts and back- 

ground counts s h a l l  be entered  here .  

R* - Dead time c o r r e c t i o n  f o r  GM tubes s h a l l  be entered  here .  - 



Absorber - The absorber  weight used dur.2ng counting the  sample. 

. Eg: gms/cm2 

. Shelf  - .The she l f  o r  d i s t ance  from t h e  d e t e c t o r  t h e  sample was 

counted 

.Memory Location - The number of channels used f o r  counting the  

sample Eg: 1/2 the  memory on the  Gamma ray spectrometer .  

Shelf  Factor  - The counting e f f i c i e n c y  of the  sample s h a l l  be 

entered  here .  . For alpha and be ta  counting t h i s  sha.11 be 

equal  t o  the  counting e f f i c i e n c y  of the  s tandard .  . F o r  gamma 

counting t h i s  s h a l l  be equal  t o  the  counting e f f i c i e n c y  of the  

radionucl ide .  

Gain - .Multi-channel ana lyzer  ga in  s e t t i n g .  

Counting ,Perfomned by - The s igna tu re  of the  ind iv idua l  who, p e r -  

formed the counting of the  sample. 



'I 

Form LACBWR-RW-I 

Lab-Number 

A c t i v i t y  a t  Contacf 

Appearance o f  Sample 

Sample Locat ion Temp. 

Sample Locat ion 
F l owrate 

Reactor Power Level 
(Dur i ng Samp l i ng) 

Signature o f  
Samp I e r  

Remarks : 

Sample Number 

Samp l i ng 

T i  me 

Date 

P u r i f i c a t i o n  Operat ing . 

Temperature o f  Sample 

C a r r i e r  Out 

C a r r i e r  I n  

A1 i quote 

Tota l  Vol ume 

Separat i  on per- 
formed by . 

Remarks : 

Location-Sampling P o i n t  Ana l y s i  s-Requested 

Separat ion - 'Data 

Time 

Date 

W t  o f  Sample + F i l t e r  

W t  o f  F i l t e r  

Tota l  Counts 

Background Counts 

Net Counts 

R* , 

Absorber - 
Shel f . 
Memory Locat i on 

She l f Factor  

Gai n 

Tota l  Counts I 
Background Counts 

Net Counts 

R* 

Absorber 

Shel f 

Memory Locat ion 

Shel f Factor 

Gai n 

Counting performed by 

W Dead Time Cor rec t ion  

Remarks : 

Count i ng - Data 
D sotope 

Instrument - 
Time 

Bate , 

h* 

l sotope 

Instrument 

T i  me 

Date 

I \ *  



T h i s sheet wou l d be on the reverse s i de of  ~ o r m  LACBWR-RW- I . 

Cat cul a t i  on Sheet 



The LACBWR-RW-2-form should- be used f o r  counting samples over a  

per iod  of time f o r  determining decay s t u d i e s ,  

The fol lowing . i s  the  def ined terms f o r  the.  LACBWR-RW-2 form: 

Lab number - 

Sample number . - 

. Instrument counted on - 

Date - 

Time - 

Tota l  Count Rate - 

-1 
C min - 

This  number. should. be assigned by 

the  Chemistry l a b .  

The des ignat ion  of t h e  sample 

should be w r i t t e n  he re .  

.The s e r i a l  number of the  counter  

and type used s h a l l  be w r i t t e n  i n  

bhis  space.  

The day, month and year  of counting 

s h a l l  be w r i t t e n  here .  

The time of s t a r t i n g  the  count 

s h a l l  be w r i t t e n  here using 

24 hour clock 

The t o t a l  number of counts 

accumulated over  t h e a T  pe r iod .  

The l eng th  of time, i n  minute$.;. 
t he  sample was counted s h a l l  be 
entered  here 

The counts . p e r  minute s h a l l  be 

entered  here 



Total.Background counts - 

A T  Background counts , -  

C .min -I Background - 

-1. 
. Net Cmin - 

The t o t a l  number of .  background 

counts  accumulated over the  back- 

grounds T per iod .  

The l eng th  of time, i n ,  minutes, 

the  background was counted 

s h a l l  be entered  here 

The background counts p e r  minute 

s h a l l  be entered  here .  

The d i f f e r e n c e  between the to , t a l  

cohnts and background counts 

s h a l l  be entered  here .  

Shelf  Fact,or - 

d  min -1 . . 

The counting e f f i c i e n c y  of  the  

sample s h a l l  be entered  h e r e ; . F o r  

alpha and .beta counting t h i s  s h a l l  

be equal  t o  the c.ounting, 

e f f i c f e n c y  of the  s tandard .  . F o r  

gamma counting t h i s  s h a l l  be equal  

t o  the  counting e f f i c i e n c y .  of the  

radionucl ide .  

D i s i n t e g r a t i o n  r a t e  s h a l l  be entered 

here . 
The i n i t i a l s  of the  ind iv idua l  

who performed the count ing of the  

oamplc . 



LACBWR-RW-2 

Countinq sheet f o r  Decay Studies 

instrument counted on 

Samp l e number 



G .  Determination of Half-Life ( t+)  

The time i n t e r v a l .  requi red  f o r  a .  rad io iso tope  t o  decay t o  ha l f  

i t s  o r i g i n a l  a c t i v i t y  i s  c a l l e d  the  h a l f  - l i f e .  . It may be 

c a l c u l a t e d  from: 

where : 

= decay cons tant  f o r  t h e  s p e c i f i c  rad io iso tope .  

Therefore t o  determine t h e  h a l f - l i f e  count the .  sample. a t  one 

minute i n t e r v a l s .  . I f  t h e r e  does not  appear t o  be a . s i g n i f i c a n t  

d i f f e r e n c e  between successive determinat ions,  count every 

10 minutes.  . Afte r  t h r e e  o r  more 10 minute counts no s i g n i f i c a n t  

d i f f e r e n c e  has been. observed, use . longer  .per iods  of time u n t i l  

t he re  i s  about 5 t o  10 percent  decrease i n  a c t i v i t y  between 

successive counts.  Using semilog ' paper p l o t  the  n e t  

count ra te  (background ha.s been sub t rac ted)  on t h e  logari thmic 

o rd ina te  and time on the  l i n e a r  a b s c i s s a .  I f  a s i n g l e  radio-  

nucl ide  i s  p resen t ,  a s t r a i g h t  l i n e  w i l l  be observed a s  shown 

i n  f i g u r e  11. I f  two radionucl ide  a r e  p resen t ,  a s t r a i g h t  l i n e  

w i l l  not  be observed but a curve with two components a s  shown 

i n  f i g u r e  I11 w i l l  be observed. . I f  t h e r e  a r e  more t h a n .  two 

radionucl ides ,  t h i s  method w i l l  not  be too accura te ,  n e c e s s i t a t i n g  

a  radiochemical sepa ra t ion  t o  determine accura te ly  the  r ad io -  

nucl ides  p r e s e n t .  Once the  h a l f - l i f e  i s  determined, a  

t e n t a t i v e  i d e n t i f i c a t i o n  of the  nucl ide  on a  s ing le  and a two 

component unknown sample may be made using the General E l e c t r i c  

c h a r t  of the .  Nuclides o r  s i m i l a r  type c h a r t .  .More p o s i t i v e  
-67 - 



Time (minutes)' 
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F I G U R E  I11 

Two Radionuclide-decay 

Time (minutes) 
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Determination.ofi  Half-Life (cont inued)  

i d e n t i f i c a t i o n  can be made from the  be ta  and gamma.energies 

a s  determined..by a .Fea ther .  a n a l y s i s ,  radiochemical 'separation 

and a gamma spectrum. 

H. RADIOACTIVE :DECAY CORRECTIONS 

To c o r r e c t  t o  the  i n i t i a l  a c t i v i t y  Ao, the  procedure bel.oa 'should 

lie followed: 

Divide t h e  elapsed time between counting and sampling by 

the  h a l f - l i f e  of t h e  radionucl ide which has heen 

determined by using t h e  method mentioned i n  Sect ion  1 1 - G .  

Using f i g u r e  I V  and b o w i n g  the  number of  t i  ( h a l f - l i f e )  
A 

t he  sample has decayed the  value (AO ) f r k c t i o n  a I of a c t i v i t y  

remaining can be read o f f  the logari thmic o rd ina te  of f i g u r e  I V .  

A 
~ p v i d e  the  a c t i v i t y  by t h e  KO value t o  o b t a i n  the  i n i t i a l  

a c t i v i t y .  

To exp la in  t h i s  b e t t e r  I w i l l  show how a t y p i c a l  problem can 
. . .  

. . be. p e r f b m e d . .  . . . . , ' 

A sample was taken from the  r e a c t o r  system on January 1 (0600 

h r s .  ) and t h e  separated sample was counted f o r  1-131 (1000 C min-l) 

on January 7 .  (0600 hrs..  ) . 
I The. h a l f - l i f e  of . I - l3 l  - 8.05 days time from.sampling t o  

. . . .  

counting time - 6 days 

Therefore d iv ide :  t = 6 d a y s  = 0.746 
-1 
t.2- m a y s  



FIGURF, IV 

Radioact ive Decay Correc t ion  



H. . RADIOACT.IVE. DECAY CORRECTIONS (Continued) 

A 
Using f igure. : IV read on the  absc i s sa  0.746 and f i n d  KO on 

the  logari thmic o rd ina te  ( s e e  Figure I V  f o r  i l l u s t r a t i o n )  

The a c t i v i t y  a t  sampling time i s :  

Using a  s l i d e  r u l e  the  sample problem above can be solved by 

mul t ip ly ing  ,(times t and' reading the  U 0 2  s c a l e  f o r  
- 

e value.  

EXAMPLE:. , , 

. . . .  
. ; . '  Where- 

. .  . 

t he  

1000, cpm = Aoe -( .0862)  ( 6 . 0  days) 

. . . .  ' . :A = .693 = .0862 
. . . . m5 days 

! 
,.--', 

~ h e r ~ f o r e  using a s l i d e  r u l e '  p l ace  1 on .  the  C s c a l e  over  the  
. .  . 

D, s c a l e  862 and. then.moving the  h a i r l i n e  t o  6 on t h e  C sc'al'e, 

read the: LL02 s c a i e .  . The reading. 'should be .596. 

I.. FEATHER- ANALYSIS 

This  type a n a l y s i s  i d e n t i f i e s  the  Beta energy o r  ene rg ies  of 

an  unknown rad ioac t ive  sample,.' To i d e n t i f y  the  unknown sample 

by i t s  be ta  ene rg ies  t h e  fol lowing procedure should be followed: 

Place t h e  sample i n  . the  p ropor t iona l  flow counter  o r  under 



the  G-M counter  and count f o r  10 minutes with no absorber  

and with a,luminum absorbers  of approximately 5  t o  3500 mg/crn2 

th icknesses .  (~ackground  should be subt rac ted  f o r  each 

measurement) . 
CAUTION:  To c a r r y  out  these  measuremen.ts, t he  aluminum 

absorbers  .a re  t o  be placed a s  near  t o  t h e  count ing tube 

a s  p o s s i b l e  t o  min imize . sca t t e r ing  e f f e c t s .  

Calcula te  the  t o t a l  absorber  f o r  each measurement by adding 

t o  the  aluminum absorber  t h e  th ickness  i n  mg/cm2 of the  counting 

tube window and the  a i r  between. t h e  sample and .  the  counting 

tube .  

NOTE: This i s  equal  t o  the  d i s t a n c e  i n  cm times the  

dens i ty  of a i r  i n  mg/cm2 a t  the  ambient temperature,  

pre.ssure and humidity.  h his information can be found 

i n  thel":Handbook of  Chemistry and Physics  f o r  these  

d e n s i t i e s ) .  Normally t h i s  c o r r e c t i o n  i s  made when .extreme - 

accuracy i s  necessary.  

Using semi-log paper,  p l o t  the  count r a t e  on the  logar i thmic  

o r d i n a t e  vs the  absorber  on the  l i n e a r  a b s c i s s a  a s  shown 

i n  figure V, and t h e  maximum range i s  taken a s  t h e  absorber  

th ickness  a t  which t h e  curve f l a t t e n s  ou t  t o  the  cons tant  back- 

ground. 

,See  f i g u r e  V I  f o r  t h e  Beta p a r t i c l e  range energy curve.  



= 1.85 (.505 gm/cm2) + 0.245.  

E = 1.17 Mev. 

Read Figure V I  - It w i l l  

give the  same answer. 

Aluminum absorber (mg/cm) Thickness 
-74- 



FIGURE VI 

B e t a  P a r t i c l e  Range E n e r g y  Curve  

RANGE ng/cm2 . . 



.SECTION I V  

WATER CHEMISTRY' METHODS 

S e c t i o n  I V  i s  a  c o l l e c t i o n  of wa te r  chemis t ry  procedures  f o r  

de te rmin ing  c o n s t i t u e n t s  i n  r e a c t o r  s team and wa te r .  The 

method s p e c i f i e d  f o r  t h e s e  a n a l y s e s  was chosen .on  t h e  ac -  

curacy  and s i m p l i c i t y  of t h e  method. The methods have been 

taken  from ASTM and v a r i o u s  e s t a b l i s h e d  methods throughoot  

t h e  i n d u s t r y .  



prl. DETERMINATION 

Method No. WC ' 1 

A .  SUMMARY OF METHOD 

The hydrogen i o n  Concent ra t ion  i s  i n d i c a t e d  by a  pH measurement 

which may be made wi th  e l e c t r i c a l  i n s t rumen t s .  

I B. APPARATUS 

1. Beckman Zeromatic pH meter  o r  equ iva len t  

2 .  Glass  e l e c t r o d e  

3. Calomel r e fe rence  e l e c t r o d e  

4 .  Temperature Compensation Probe 

5. Normal l abo ra to ry  glassware i s  r equ i r ed  f o r  t h i s  work. 

REAGENTS AND MATERIALS 

1. Standard s e t  o f  b u f f e r  s o l u t i o n  pH-1-14 @ 2 5 ' ~ .  

D.  PROCEDURE. 
. . I . . 

1. S l i d e  rubber  s l e e v e  down t o  expose vent  ho le  on t h e  re fe rency  

ele.ctrode.;  Rinse t h e  e l e c t r o d e s  w i t h  demineral ized water  and 
., 

wipe 'dry.  
.. . . .  

. .  , ,  

NOTE: I .  I n s t r u m e n t  should have a  warm up per iod  of 15-30 minutes.  

2 .  ~ t a n d a r d i i k ' ~ ~ :  meter u s ing  s tandard  b u f f e r  s o l u t i o n s  whose 

I pH value  i s  c l o s e  t o  t h a t  expected i n  t h e  sample. 

1 
! 3 .  Immerse t h e  e l e c t r o d e s  i n  one b u f f e r  s o l u t i o n ,  depress  READ 

bu t ton  and a d j u s t  t h e  ASYMETRY CONTROL t o  s e t  t h e  meter needle  



- 
PROCEDURE ( ~ o n t  d  ) 

t o  exac t ly  read t h e  fl of the  r a t i n g  s t a t e d  f o r  the  b u f f e r  

s o l u t i o n .  

4. Depress STANDBY but ton,  remove e lec t rodes ,  wash e lec t rodes  

with demineralized water  and wipe d ry .  

5. Repeat s t e p  4.1.4.3 and 4.1.4.4 using a  d i f f e r e n t  b u f f e r  

pH range. 

6.  I n s e r t  e l ec t rodes  i n t o  sample and l e t  s tand f o r  a  few 

minutes, depress  READ but ton  and read on meter.  

NOTE : Sample 'should be approximately a t  room temperature 

7. Cover vent hole  upon completion of t e s t .  

E .. CALCULATIONS 

None 

F . PRECAUTIONS L .  

1. Leave the  ' instrument connected t o  t h e  power l i n e  except when 
. . . . 

. . . ' ; .  . , nottlbo 'be u s e d  f o r  extended per iods .  
. . . . . . . 

2 .  ~ ~ ~ r . e s , s :  STANDBY buttori when t h e  instrument  i s  not  i n  use, and 

whenever removing the  e l e c t r o d e s .  

3. It i s  e s s e n t i a l  t o  s tandardize  the  instrument a t  l e a s t  d a i l y  

with the  b u f f e r  s o l u t i o n .  

4. A new g l a s s  e l ec t rode  should be soaked i n  water  f o r  s e v e r a l  

hours before use.  I f  s to red  i n  water  i t  i s  ready f o r  

immediate use .  Be c e r t a i n  the  Calome.1 reference  e lec t rode  



PRECAUTIONS ( ~ o n t  Id ) 

is' f i l l e d  w i t h  s a t u r a t e d  K C 1  s o l u t i o n ,  and c o n t a i n s  K C 1  

c r y s t a l s .  The e l e c t r o d e  may be t empora r i l y  s t o r e d  5n 

deminera l ized  wa te r .  The. long p e r i o d s  of s t o r a g e ,  s t o r e  

: i n  s a t . u r a t ed  K C l  ' s o l u t i o n .  



CONDUCTIVITY DETERMINATION 

( ~ i p  C e l l  ~ e t h o d )  

Method No. WC-2 

A .  - SUMMARY OF METHOD 

A d i p  c e l l  i s  immersed i n  the  sample water  and the  conduct iv i ty  

i s  read d i r e c t l y  from a  br idge type instrument .  

B. APPARATUS 

1. RD-327 Solu Bridge 

2.  Cel-A-002 Dip C e l l  

NOTE: The RD-327 Solu Bridge cond.uctivity s c a l e  i s  c a l i b r a t e d ,  

and i s  d i r e c t  readingJ f o r  use wi th  a  c e l l  t h a t  has  a  

c e l l  cons tant  of 2 .  The d i p  c e l l  being used has  a  c e l l  

cons tant  of 0.02. ThereforeJ  i t  i s  necessary t o  m u l t i p . 1 ~  
. . 

, t h e  ,ica.ie reading 'obtained by 0.01 t o  c o r r e c t  f o r  the  use 
. . .  . . . . 

. . 

1of . a  c e l l  wi th  a  lower c e l l  cons tant .  
. . 

. . .  
. . 

3. ' 25O.rn.g Erlenmeyer f i a s k  - 2 each 

C .  REAGENTS AND.MATERIALDS 
. . 

. . 
.. . 

, . 

1. ~ u ' r i t ~ : ' o : f .  Water - A l l  water  used i n  preparing the  reagents  

and i n  d i l u t i n g  t h e '  samples s h a l l  be demineralized water  

and conform t o  the  S p e c i f i c a t i o n  f o r  Reagent Water (ASTM 

Designation ~ 1 1 9 3 ) .  



b D. PROCEDURE 

1. Connect the dip cell leads to the terminals at the,bottom 

of the Solu Bridge. 

2. Plug line cord into. 120 volt outlet 

3 .  Transfer solution to be tested into a 250 ml Erlenmeyer flask. 

4. Remove dip cell, from storage flask and place in the solution 

to be tested. Move the cell up and down under the solution 

until' all air bubbles, inside the cell casing or shield are 

removed. Immerse the cell to a point at least 3" above the 
air vents. Alloy at least f" clearance at the sides and bottom. 

I .  NOTE: The cell is normally stored in a 250 ml Erlenmeyer 

flask in demineralized water. 

5.. Turn the switch to the ON position and allow about 30 seconds' 

for warm up. 

6. Measure the temperature of the solution with a thermometer, 

and set the pointer of the temperature scale to the corre- 

sponding value. . . 

. . 

7. Rotate'the pointer of the conductivity scale until the black 

segment ,of the electron ray tube reaches its widest opening. 

The. bridge is now at balance. The scale is read and 'the 
. -  . 

reading multiplied by 0.01 to determine the conductivity.. 

E . C ALCU.LAT1 ONS 

Direct reading from the instrument. See step D-7 for determining 

the conductivity of the sample. 



CHLORIDE DETERMINATION 

Method No. W C - 3  - 
A .  SUMMARY OF METHOD 

. . . . 

The ch lo r ide  ion  r e a c t s  wi th  the  mercuric thiocyanate  t o  produce 

thiocyanate  ion  t o  form red f e r r i c  th iocyanate .  The i n t e n s i t y  

of the  color ,  which i s  proportiona:l t o  the  concent ra t ion  of t h e  

ch lo r ide  ion, i s  measured photometr ical ly  a t  a  wave length of 463 

mDusing a  10 cm c e l l .  This  method i s  good i n  the  range of 0.02 

t o  10 ppm ch lo r ide  ion .  

B. APPARATUS 

1 0 .  Spectrophotome~er - Beckman DU Spectrophotometer i s  p re fe r red .  

2.  Normal labora tory  glassware i s  requi red  f o r  t h i s  work, 

I C .  REAGENTS AND MATERIALS 

1. Pur i ty  of Water - A l l  water  used i n  preparing the  reagents  

and i n  d i l u t i n g  the  samples s h a l l  be demineralized water  and 

conform t o  the  S p e c i f i c a t i o n  f o r  Reagent Water (ASTM 

Designation ~ 1 1 9 3 ) .  

2. F e r r i c  Solu t ion  - Dissolve 5 , O  g  of f e r rous  ammonium s u l f a t e  

Fe ( N H ~ ) ~   SO^)^,.$. 6 ~ ~ 0  i n  20 m l  of water .  Add 38 m l  of con- 

cen t ra ted  n i t r i c  ac id  and b o i l  t o  oxid ize  the  i r o n  'and remove 

the  oxides of n i t rogen .  Di lu te  t o  100 m l  with h a l i d e  f r e e  I 
water .  

3. ' Mercuric thiocyanate ,  methanol s o l u t i o n  ( 3  g pe r  l i t e r )  - 
Dissolve 0.30 grams of mercuric thiocyanate  i n  100 m l  of 
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REAGENTS AND MATERIALS ( ~ o n t  d  ) 

methanol. S t o r e  i n  amber b o t t l e s .  Allow t o  s tand  f o r  a t  

l e a s t  24 hours before us ing ,  

C A U T I O N :  Do not  .use i f  more than four  weeks o l d .  

4 Sodium ch lo r ide  s tandard s o l u t i o n  (10 mg C 1  per  l i t e r )  - 

Dry sodium ch lo r ide  ( ~ a ~ l )  . t o  constant  weight a t  105' C .  

Prepare a  s tock  s o l u t i o n  by d i s so lv ing  exac t ly  1.649 grams 

of the  dry NaCl i n  water  and d i l u t e  t o  1 l i t e r .  Prepare t h e  

s tandard s o l u t i o n  as  needed by d i l u t i n g  10 m l  of the  s tock  

t o  water with ch lo r ide  f r e e  water .  The r e s u l t i n g  s tandard 

conta ins  10 mg of ch lo r ide  ion  pe r  l i t e r .  

5. 15.7N N i t r i c  Acid - concentrated N i t r i c  ac id  ( H N O ~ )  

PROCEDURE 

C A U T I O N :  Soak a l l  new glassware i n  h o t  (1-20) n i t r i c  ac id  

( H N o ~ )  f o r  s e v e r a l  hours .  To be c e r t a i n  t h a t  new 

glassware i s  conditioned f o r  the  t e s t ,  run a ch lo r ide  

de.termination on h a l i d e  f r e e  water .  Af te r  the   run^ 

r i n s e  the  glassware thoroughly.  Soak t h e  glassware 

i n  h a l i d e  f r e e  water  between t e s t s .  Discard a l l  

glassware t h a t  appears etched o r  scra tched.  

1. Prepare s e r i e s  of.  re ference  s tandards  by d i l u t i n g  s u i t a b l e  

volumesof  the  s tandard chlori .de s o l u t i o n  with h a l i d e  f r e e  

water?  The s e r i e s  should cover t h e  range from 0.02 ppm t o  

10 ppm. 

NOTE: The temperature of the  s o l u t i o n s  used f o r  c a l i b r a t i o n  

must be t h e  same as  t h a t  of the  sample t e s t e d .  



I .  

PROCEDURE (C ont d ) 

2. Transfer 25 ml of sample to a glass-stoppered volumetric 

I flask or bottle. 

I 3. To each of the calibration standards and samples add 5 ml 

of ferric solution and.-2.5 ml of mercuric- thiocyanate 

solution. 

4. Shake thoroughly .for 1 or 2 minutes and allow to stand for 

10 minutes. 

5. Measure the intensi'ty o'f the color formed using the DU 

Spectrophotometer. 

NOTE: Adj.ust the zero setting of the spectrophotomet.er, 

by using 25 ml of halide free water tested in 

accordance with steps D3 and D4. 

E. CALCULATIONS 

Prepare a calibration curve by plotting the readings on the 

photometer versus the concentration of chloride, When the 

scale of the photometer reads directly in absorbance, plot the 

curve on rectilinear paper. When the scale reads in trans- 

mittance, it is convenient to plot the results on semi-log 

paper, using the single cycle log axis -to pl,ot transmittance . . .. . 

', 

and the linear' axis to plot concentrations. 



IRON DETERMINATION 

,Method No. WC-4 

A. SUMMARY OF METHOD 

Iron is determined photometrically as the orange-red complex at 

about pH 4.0. Measurement is made at 510 m p  on the Du' spectro- 

photoineter ,using a 1. cm cell. 

B . . APPARATUS 

1. Spectrophotometer - Beckman DU Spectrophotometer is 

preferred. 

2. Normal laboratory glassware is required for this work. 

NOTE: Rinse all glassware in concentrated hydrochloric 

acid (HC~). 

REAGENTS AND MATERIALS 

1. Purity of Reagents - Reagent grade chemicals shall be used 

to prepare reagents. Unless otherwise indicated, all 

re'agents shall conform to the specifications of the Oommittee 

on Analytical Reagents of the American Chemical Society. 

Other reagents may be used, provide-d they are of sufficient. 

purity to give the same accuracy. 

2 .  Purity of Water - All water used in preparing the reagents 

and in diluting the samples shall be demineralized water 

and conform to the Specification for Reagent Water (ASTM 

Designation ~1.193). 



3. 6N Hydroch lor ic  Acid - Measure 498 m l  of ( 1 2 . 1 : ~ )  Hydrochlor ic  

Acid and d i l u t e  t o  1 - 1 i t e r . w i t h  wa te r .  

4 .  4N Hydroch lor ic  Acid - .Measure 232 m l  of ( 1 2 . 1 ~ )  Hydrochloric1 

Acid and d i l . u t e  t o  1 . - l i t e r  w i t h  w a t e r .  

5. Hydroylamine Hydrochlor ide  S o l u t i o n  - Disso lve  10  grams of 

hydroxylamine hyd roch lo r ide  (NH20~.  H C ~ )  i n  a  sma l l  q u a n t i t y  

of w a t e r ' a n d  d i l u t e  t o .  100 m l .  T h i s  s o l u t i o n  i s  s t a b i e  f o r  

I s e v e r a l  months. 

6 .  Or thophenanthro l ine  (1-10-phenanthrol ine  ) S o l u t i o n  - Disso lve  

0 . 1  gram of t h e  o r thophenan th ro l ine  i n  10 m l  of e t h y l  a l coho l ,  

and d i l u t e  t o  100 m l  w i t h  wa te r .  The s o l u t i o n  should  be d i s -  

carded i f  i t  darkens .  ~ 

7. Ace ta te  B u f f e r  S o l u t i o n  - Disso lve  50 grams. of ammonium 

a c e t a t e ,  NH4C2H302 i n  50 m l  of deminera l ized  w a t e r .  Add 100 

m l  of G l a c i a l  Ace t ic  a c i d ,  and d i l u t e  t o  500 m l  w i t h  w a t e r .  

8. 3N Ammoni.um Hydroxide - Measure 202 m l  of concen t r a t ed  

( 1 4 . 8 ~ )  ammonium hydioxide  ( M ~ O H )  and d i l u t e  t o  1 - l i t e r  

w i t h  w a t e r .  
. . 

9.  S tandard  I r o n  S o l u t i o n  ( lml=0.1000 mg ~ e )  - Weigh 0.1000 

11 gram of e l e c t r o l y t i c  i r o n  w i r e  f o r  s t a n d a r d i z i n g "  and 

p l a c e  i n  a  50 m l  beaker .  Disso lve  i n  20  m l  of. 4N 

hydroch lo r i c  a c i d  ( H C ~ )  wh i l e  h e a t i n g  g e n t l y  on a  h o t  

p l a t e .  T r a n s f e r  t o  a  1 - l i t e r  vo lumet r ic  f l a s k  u s i n g  

w a t e r  and d i l u t e  t o  I - l i t e r  w i t h  w a t e r .  



REAGENTS AND MATERIALS ( ~ o n t  Id ) 

10 .  1 0  ppm I r o n  Standard S o l u t i o n  - Measure a c c u r a t e l y  1 0  m l  

of  t h e  C-9 s t o c k ~ s o l u t i o n  and d i l u t e  t o  100 m l  w i t h  wate r .  

( u s e  vo lumet r ic  f l a s k  f o r  t h i s  o p e r a t i o n ) .  

D. PROCEDURE 

1. P i p e t  1, 5,  1 0  and 50 m l  a l i q u o t s  o f  t h e  C-10 i ron .  . s t andard  

s o l u t i o n  . i n t o  s e p a r a t e  250 m l  Erlenmeyer f l a s k s .  Also 

p repa re  , a  b l ank  w i t h  no i r o n  s t anda rd  added. 

. , NOTE: The i r o n  s o l u t i o n  a l i q u o t s  r e p r e s e n t s  i r o n  concen t ra -  

t i o n s  of 0.10, 0.50,  1 . 0  and 5.0 ppm. re spec t ive ly .  

2 .  To each sample add 1 m l  of 6~ hydroch lo r i c  a c i d  ( H C ~ )  and 

b o i l  on a  h o t  p l a t e  f o r  5 minutes  and coo l  i n  a  wa te r  b a t h .  

3.  To each sample add 1 m l  of  hydroxylamine hydroch lor ide .  and 

mix by s w i r l i n g  t h e  s o l u t i o n  i n  t h e  Erlenmeyer f l a s k s  f o r  

a p p r o x i m a t e l y l  minute.  

4. Add 5 m l  Or thophenanthro l ine  t o  each f l a s k ,  and swirl f l a s k  

t o  mix s o l u t i o n .  

5.  Add 5 m l  a c e t a t e  b u f f e r  t o  each  f l a s k .  

H 6. Dropwise, add 3 N  ammonium hydroxide ( N H ~ O H )  t o  a  p  of 3.5 

t o  4 .0  i s  reached o r  t o  make Congo-red i n d i c a t o r  pape r  

r e d .  

7 .  Q u a n t i t a t i v e l y  t r a n s f e r  t h e  samples t o  100 m l  vo lumet r ic  

f l a s k s  and d i l u t e  t o  volume mark w i t h  wa te r  and shake f o r  

1 o r  2 minutes .  Allow t o  s t and  f o r  1 5  minutes  f o r  f u l l  

c o l o r  development. 
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REAGENTS AND MATERIALS (Cont d  ) 

8. Read t h e .  t r ansm, i t t ance  on t h e  DU Spectrophotomer a t  510 m H  
u s i n g  1 cm c e l l s ,  

9. Secure  a  f r e s h  sample (sample needed t o  be analyzed f o r  

i r o n  c o n t e n t )  and p i p e t  a  50 m l  a l i q u 9 t  i n t o  a  250 m l  

NOTE: Prepare  samples f o r  a n a l y s i s  a s  fo l l ows :  

1. Primary w a t e r  - none 

2 ,  Crud - Fume a l i q u o t  t o  e l i m f n a t e  a l l  i n t e r f e r i n g  a c i d s .  

NOTE: I f  al lowed t o  bake, b l a c k  Mn02 p r e c i p i t a t e s .  Add 

some deminera l ized  w a t e r  .p lus  6 N  hyd roch lo r i c  a c i d  (KC 1) 

p l u s  one drop  of 30% Hydrogen Peroxide t o  reduce t h e  
. . 

Maganise. B o i l  o f f  t h e  p,&rokide.  . Manganese . .  concent ra  - 

t i o n  should  no t  exceed 2:mg/25ml f i n a l  volume. 

10.. Repeat s t e p s  D-2,' D - 3 >  D-4, D-5,  D-6 and D-7. 

11. Repeat S t e p  D-8 and' o b t a i n  Fe c o n c e n t r a t i o n ' f r o m  curve 

,produced on s t e p s  E-1 .  

E .  CALCULATIONS 

'1. P l o t  t h e  r ead ing  from s t e p  D-8 ve r sus  c o n c e n t r a t i o n  of i r o n  

(ppm 1.n 100 m l )  on semi-log paper .  
. .. 

NOTE: Th i s  p l o t  should be. a  s t r a i g h t  l i n e .  

~ o t a l  1r.611 (ppm) = s t anda rd  curve  read ing  (ppm) (100 m l )  
sample volume ( m l )  



SUS PENDED SOLIDS DETERMINATION 

Method No. WC-5  

A .  SUMMARY OF METHOD 

The suspended s o l i d s  i s  determined by f i l t e r i n g  t h e  sample 

through a  M i l l i p o r e  f i l t e r .  

Be APPARATUS 

1. Normal l a b o r a t o r y  .glassware i s  r equ i r ed  f o r  t h i s  method. I 
2 .  F i l t e r  - M i l l i p o r e  type  HA f i l t e r  (47 mm). 

3 .  S t a i n l e s s  f i l t e r  h o l d e r  - hydroso l  s t a i n l e s s  f i l t e r  h o l d e r  

Cat No. ~X20-047-20 M i l l i p o r e  Co, 

4. 'Graduated Cy l inde r  - 1000 m l  c apac f ty .  

5. Des i cca to r  - The d e s i c c a t o r  should be s i m i l a r  t o  F i s h e r  No. 8-615. 

Oven - Oven should be g r a v i t y  convect ion type and be a b l e  t o  6 .  - 
+ 

supply uniform h e a t  a t  - 1 1 0 ~ ~  - O . ~ ~ C .  

7. A n a l y t i c a l  Balance - It should be capable  t o  weigh t o  t h e  

n e a r e s t  0 . 1  mg. I 
C .  REAGENTS AND MATER1A.S 

None. 

D. PROCEDURE . ' 

. .. 

I. Dry a  M i l l i p o r e  type  HA f i l t e r  i n  an oven a t  110'~ ' 5 ' ~  

f o r  2  minutes .  

2 ,  Place  t h e  f i l t e r  i n t o  a  d e s f c c a t o r  and coo l .  



PROCEDURE ( ~ o n t  'd  ) 

3. Weigh t h e  f i l t e r  t o  t h e  0.10 mg on t h e  a n a l y t i c a l  ba lance .  

4 .  Repeat s t e p s  D-1 ,  D-2 and D - 3  u n t i l  con ten t  weight i s  

ob ta ined .  

5. Place  t h e  f i l t e r  i n  t h e  one l i t e r  s t a i n l e s s  s t e e l  f i l t e r  

h o l d e r .  

6.  Measure 1000 m l  of t h e  sample u s ing  a  graduated c y l i n d e r  

and vacuum f i l t e r  through t h e  f i l t e r  ho lde r .  

C A U T I O N :  T h e , f i l t r a t e  should be c o l l e c t e d  i n  a  c l e a n  1000 

m l  f i l t e r  f l a s k .  Also save t h e  f i l t r a t e  f o r  f u r t h e r  

a n a l y s i s .  

7. Remove t h e  f i l t e r  and d ry  i n  an oven a t  110' ' 5 ' ~  and I 
I 

r e p e a t  s t e p s  D-2, D - 3  and D-4. ~ 
CALCULATIONS 

Suspended S o l i d s  (ppm) = 1000 (w2 - ~ i )  
v 

where : 

W i  =. i n i t i a l  weight of f i l t e r  i n  mg. 
. . 

. W 2  - f i n a l  weight of f i l t e r  p l u s  suspended s o l i d s  i n  mg. 

V = volume of samples i n  m i l l i t e r s .  - . 



DISSOLVED SOLIDS DETERMINATION 

Method No. WC -6 

A .  SUMMARY OF METHOD 

The d i s s o l v e d  s o l i d s  a r e  determined by evapora t ion  of a  

known volume of a  f i l t e r  sample from procedure WC-5 i n  a  

t a r e d  evapora t ing  d i s h .  

B. APPARATUS 

1. Normal l a b o r a t o r y  g lassware  i s  r equ i r ed  f o r  t h i s  work. 

2.  Evaporat ing Dish - 150 m l , s i z e ,  pyrex o r  equ iva l en t  g l a s s  

should be used .  

3. Des i cca to r  - The d e s i c c a t o r  :should be s i m i l a r  t o  F i s h e r  No. 8,615. 

Oven - Oven should be g r a v i t y  convec t ion  type  and be a b l e  t o  4. - 

supply uniform h e a t  a t  110'~ 2 0 . 5 O ~ .  

5 .  A n a l y t i c a l  Balance - It should be capable  t o  weigh t o  t h e  n e a r e s t  

0 .1  mg. 

D o  PROCEDURE 
I 

1. The f i l t r a t e  c o l l e c t e d  i n  s t e p  D-6 of t h e  WC-5 method i s  
I 

used t o  determine d i s so lved  s o l i d s .  

2 .' Clean a  evaporat ing.  d i s h  by washing c a r e f u l l y .  i n  

c l ean ing  s o l u t i o n  o r  a  good d e t e r g e n t  c l ean ing  compound. 
- 

Rinse thoroughly wi th  deminera l ized  wa te r .  

-, 3. Dry and p l a c e  i n  oven a t  l 0 5 - l l 0 ~ ~  f o r  s e v e r a l  hours .  Cool 

i n  d e s i c c a t o r  u n t i l  d i s h  i s  a t  room temperature' .  Weigh d i s h  

t o  n e a r e s t  0.10 mg on t h e  a n a l y t i c a l  ba lance .  
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PROCEDURE 

NOTE: .Handle dish only with tongs to avoid grease from hands. 

4. Pipet a 1000 ml sample into the evaporating dish and evaporate 
J 

almost to dryness on a low heat. A ribbed watch glass should 

be placed over the evaporating dish to exclude dust during 

evaporation. 

5. Transfer the dish to an oven set at 110'~ 50c'and 

continue.evaporatiqn until dryness. Dry for two additional 

hours. Cool in desiccator. 

6 .  .Determine weight of dish plus residue tothe nearest 0.10 rng 

on the analytical balance. 

E. CALCULATIONS 

Total solids (ppm) = 1000 (w2 - wi) 
v . '  

where : 
' h .  

~ i ' =  initial weight of'dish in milligrams 

W2 = final weight of dish in milligrams 

V = volume of samples in milliters. 



TOTAL SOLIDS DETERMINATION 

Method N O . .  WC -7 

A .  SUMMARY OF METHOD' 

The t o t a l  s o l i d s  a r e  determined by evaporat ion of a  known volume 

of sample i n  a  t a r e d  'evaporating d i s h .  

APPARATUS 

1. Normal labora tory  glassware i s  required f o r  t h i s  work. 

2. Evaporating Dish - 150 m l  s i z e ,  pyrex o r  equiva lent  g l a s s  

should be used. 

3 .  Graduate Cylinder  o r  100 ml p i p e t t e  

4 .  Desiccator  - The d e s i c c a t o r  should be s i m i l a r  t o  F i s h e r  No. 8-615. 

Oven - Oven should be g r a v i t y  convection type and be ab le  t o  5. - 
+ 

supply uniform hea t  a t  110'~ - 0.5 '~ .  

6. ~ n a l ~ t i c a l ~ a l a n c e  - It should be capable t o  weigh t o '  t he  

nea res t  0 .1  mg. 

REAGENTS AND MATERIALS 

None 

D. PROCEDURE 

1. Clean a  pyrex evaporat ing d i s h  by washing c a r e f u l l y  i n  c leaning  

s o l u t i o n  .or a  good de te rgen t  c leaning compound. Rinse 

thoroughly with demineralized water .  

2. Dry and p lace  i n  oven a t  1 0 5 - 1 1 0 ~ ~  f o r  s e v e r a l  hours .  Cool i n  



PROCEDURE (conttd) 

desiccator until dish is at room temperature. Weigh dish to 

nearest 0.10 mg on the analytical balance. 

NOTE: Handle dish only with tongs to avoid grease from hands. 

3. Pipet a 100 ml sample into the evaporating dish and evaporate 

almost to dryness on a low heat. A ribbed watch glass should 

be placed over the evaporating dish to exclude dust during 

evaporation. 

NOTE: To evaporate large volume samples a Evaporator Feeder 

used in Method RC-14 can be used. 

4. Transfer the dish to an oven set at 105-110~~ and continue 

evaporation until dryness. Dry for two additional hours. 

Cool in desiccator. 

5. Determine weight of dish plus residue to the nearest 0.10 mg 

on the.analytica1 balance. 

E.  CALCULATIONS ' . 

Total solids (PP~) = 1000 (w2 - . ~ i )  

v 

where : 

Wi = initial weight of dish in milligrams 

W2 = final weight of dish in milligrams 

V = volume. of samples in mllliters. 



'DISSOLVED OXYGEN I N  WATER 

- 7 - . - . -  

Method NO. ' . w C - ~ A  - 

A .  SUMMARY OF METHOD 

Dissolved oxygen r e a c t s  under  a l k a l i n e  c o n d i t i o n s  w i th  

t h e  i n d i g o  carmine s o l u t i o n  t o  produce a  c o l o r  change 

from yellow-green through -red t o  b l u e  and blue-green.  The 

r e s u l t  of each t e s t  can be determined by comparison.of  

c o l o r  developed i n  t h e  sample w i t h  a  c o l o r  comparator 

NOTE: T h i s  method i s  a p p l i c a b l e  t o  wa te r  c o n t a i n i n g  

0-30 ppb and 0-300 ppb of d i s s o l v e d  oxygen, u s i n g  

two s e p a r a t e  c o m p a ~ a t o r s .  

1. .Normal l a b o r a t o r y  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 .  Bure t  - a 25 o r  50 ml b u r e t .  

3. . Sampling .Bucket . -  The sampling .bucket  w i t h  ,an overf low 

a t  l e a s t  . l  i n c h  above t h e  t ip of t h e  sampling v e s s e l .  

Sampling Vesse l s  BOD 

b o t t l e s  have a r a i s e d  l i p  around t h e  neck and g l a s s  

s t o p p e r s  .ground . t o  a. . c o n i c a l  lower . t i p .  
4 

5. Oxygen Comparator :I11 - The comparator c o n s i s t s  .of 

a  r o t a t i n g  . s i x  . c o l o r  d i s c  and suppor t  fo ' r  BOD samp1)e b o t t e l .  

Th is  d i s c  has  matching . c h l o r s , f o r  s i x  q u a n t i t i e s  of oxygen 



DISSOLVED OXYGEN I N  WATER 

B. APPARATUS ( ~ o n t  ' d  ) 

and w i l l  r o t a t e  t o  expose one c o l o r  a t  a  t ime.  The va lues  -__ 

a r e  0,  5, 10,  15, 20 and 30 ppb a s  oxygen. Th i s  i t e m  can 

be purchased from R.L. J ~ h n s o n ,  2780 Brookside,  Jackson,  

Michigan. 

6. Oxygen Comparator I V  - Same a s  B-5 accep t  t h e  v a l u e s ,  

a r e  10,  25, 50, 75 , . 150 .  and 300 ppb a s  oxygen. This  i t em 

.can be purchased .from , t he  same company. 

C .  REAGENTS AND MATERIALS 

l o  Reagent g r ade  chemicaLs s h a l l  be used t o  p repare  r ea -  
' 

i 

g e n t s .  Unless otherw2se i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  con- 

f o r m  t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee on A n a l y t i c a l  

Reagents of t h e  American Chemical Soc i e ty .  Other  r e a g e n t s  
, 8 

may be used,  provided 1 t hey  a r e  of s u f f i c i e n t  p u r i t y  t o  g i v e  

t h e  same accuracy .  

2. P u r i t y  of Water - A l l  wa t e r  used i n  p reppr ing  t h e  pea- 
. , 

g e n t s  and i n  d i l u t i n g  t he  samples s h a l l  be deminera l ized  

wate r  and conform t o  t h &  s p e c i f i c a t i q n  .fbk .Reagent w a t e r  

(ASTM Des igna t ion  D l i 9 3 ) .  

3. 12.1N Hydrochlor ic  Acid - Concentra ted hyd roch lo r i c  

a c i d  ( H C ~ ) .  
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DISSOLVED OXYGEN I N  WATER 

C . REAGENTS AND MATERIALS ( ~ o n t . '  d  ) 

4.  (1-99)  Hydroch lor ic  Acid - Mix 1 volume of  c ~ n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  w i t h  C)g volumes of w a t e r .  

5. I nd igo  Carmine S o l u t i o n  - D i s s o l v e  0.18 gram of 100 

p e r c e n t  i n d i g o  carmine and 2 . 0  gram of d e x t r o s e  ( o r  g l u c o s e )  

i n  50 m l  of  wa t e r .  Add 750 m l  of  g l y c e r i n  and mix t h o r -  

oughly .  

NOTE:. . Th.e. so lu t . i on  . i s  u s a b l e  f o r  a t  1 , e a ~ t  30 d.ays .if . s t o r e d  . 

: .'. ... ' i n  :a r e f  r i g e r a t o r .  

C A U T I O N :  The s t o c k  . s o l u t i o n  d e t e r i o r a t e s  r a p i d l y  - i f  a l lowed 

t o  s t a n d  . i n  .a  l i g h t e d  r o o m . a t  ambient  t empe ra tu r e  

i n  .an . o r d i n a r y  . r e a g e n t -  b o t t l e .  

6. Po tass ium Hydroxide S o l u t i o n  - D i s s o l v e  530 grams of 

po tass ium hydroxide  ( K O H )  i n  w a t e r  .and d i l u t e  t o  1 - l i t e r  

w i t h  wa t e r .  

NOTE:: S t o r e  - i n  : r e f  r i g e r a t o r .  . , 

7.  . I n d i g o  Car,mine - Potass ium ,Hydroxide Reagent - Mix f o u r  . 
p a r t s w  volume of  C - 5  s o l u t i o n  ( i n d i g o  carmine s o l u t i o n )  

w i t h  one p a r t  o f  C-6 s o l u t i o n  .hydrox ide  , s o l u -  ' , 

t i o n ) .  Mix . s o l u t i o n  . f o r  s e v e r a l  'm inu t e s .  
. , 

NOTE.: Allow t h e  rea :gent  t o  s t a n d  u n d i s t u r b e d  u n t i l  t h e  

' . .  . .  : . i n i t i a l  r ed  . c o l o r  chariges t o  lemon yellow.. 



DISSOLVED OXYGEN I N  WATER 
I 

C , REIAGENTS AND MATERIALS ( ~ o n t  d  ) 

CAUTION: Keep i n  .a d a r k  coo l  p l ace .  Prepare ,  a f r e s h  so- 

. l u t i o n  d a i l y .  

1. Mount a  b u r e t  d i r e c t l y  ,above t h e  B-4,.sampling v e s s e l  

n,eck s o  t h a t  t h e  b u r e t  t i p  d i p s  i n t o  t h e  overf lowing 

sample t o  a  dep th  of a b o u t : l / 2  inc,h. 

2 .  . F i l l  t h e  b u r e t  w i t h  i nd igo  carmine-potassium hydroxide 

r eagen t  t o  about  1 . m l  above t h e  ze ro  mark. 

3 .  D r a i n  t h e  b u r e t  t o  t h e  ze ro  mark i n to" : t he  o v e r f l o w i n g  

sample, and a l low t h e  sample t o  f l u s h  . f o r  1 minute l o n g e r .  

4 .  .Remove t h e  sample t ub ing  g e n t l y  s o  a s  n o t  t o  i n t r o d u c e  

a i r  bubbles  and q u i c k l y . i n t r o d u c e  0 . 8  m l  of i n d i g o  carmine- 
6 

potass ium hydroxide r eagen t  from t h e  b u r e t  i n t o  t h e  sample 

i f  a  60  m l  Ness le r - type  tube :  i s  used.  

.NOTE; I f  a  BOD b o t t l e  i s  used- add 4 m l  of t he  r e a g e n t .  

5. Raise t h e  b u r e t  above , t he  sample. v e s s e l .  and immediately 

s t o p p e r  t h e  v e s s e l  f i r m l y  w i t h  a  r i n s e d  g l a s s  s t o p p e r ,  

be ing  c a r e f u l y  t o  exclude a i r  bubbles .  

.6. I n v e r t  t h e  v e s s e l  s e v e r a l  time t o  m i $ .  

NOTE: A c o l o r  i n d i c a t i v e  of t h e  d i s s o i v e d  .oxygen concentrd-  

t i o n  w i l l  develop.  



DISSOLVED OXYGEN I N  WATER 

E. CALCULATIONS 

*> . 

Place  t h e  sample v e s s e l  on a  w h i t e . s u r f a c e  and match 

i t s  c o l o r  w i th  t h e  oxygen comparators from s t e p  ,B-5.,and 

B-6. 

Equiva len t  d i s s o l v e d  oxygen can be read  u s i n g  t h e  va lues  

recorded on .each comparator ,  

C A U T I O N :  Colors  should  be matched a s  soon a s  p o s s i b l e  

a f t e r  mixirig:: t h e  r e a g e n t  and sample, s i n c e  , .  

t h e  c o l o r s  a r e  no t  s t a b l e  f o r  -more t han  30 min- . . 

u t e s  and a i r  leakage may cause a  cha.nge i n  c o l o r .  



DISSOLVED OXYGEN I N  WATER 

Method No. WC -8B 

A .  SUMMARY OF METHOD 

The sample i s  c o l l e c t e d  i n  a  BOD b o t t l e .  The f r e e  i o d i n e  

l i b e r a t e d  i n  an  amount e q u i v a l e n t  t o  t h e  oxygen i n  t h e  sample 

i s  t i t r a t e d  w i t h  t h i o s u l f a t e  u s i n g  s t a r c h  a s  an i n d i c a t o r .  

NOTE: Th is  method i s  a p p l i c a b l e  t o  w a t e r  c o n t a i n i n g  more t han  

0.05 ppm of d i s s o l v e d  oxygen. 

B. APPARATUS 

1. Normal, l abora t 'o ry  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 .  Sample B o t t l e  - One 300 m l  BOD b o t t l e  having a  r a i s e d  l i p  

around t h e  neck and a  g l a s s  s t o p p e r  ground t o  a  c o n i c a l  lower 

t i p ,  

NOTE: The c a p a c i t y  of t h e  b o t t l e  must be measured t o  t h e  
. . 

' n e a r e s t m l  a n d t h e  ' s topper  should  be t i e d  t o  t h e  neck 

of t h e  b o t t l e  w i t h  a  loop  of cord .  

3. Casse ro l e  - A 1 - l i t e r  g l azed  p o r c e l a i n  c a s s e r o l e 9  c l e a r  

whi te  i n  c o l o r .  

4. Fipets  - Three 2 m l  t r a n s f e r  p i p e t s  and s e r o l o g i c a l  p i p e t s  

of 1..00 and 5 . 0 0 m l  c a p a c i t i e s ,  g radua ted  i n  0 .01  and 0.10 m l  

d i v i s i o n s  r e s p e c t i v e l y .  



DISSOLVED OXYGEN I N  WATER 

Cs REAGENTS AND MATaRIALS 

1. Reagent g rade  chemicals  s h a l l  be used t o  p repa re  r e a g e n t s .  

Unless  o therwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  conform t o  

t h e  s p e c i f i c a t i o n s  of t h e  Committee on A n a l y t i c a l  Reagents 

of t h e  American Chemical S o c i e t y .  Other r e a g e n t s  may be 

used,  provided they  a r e  of s u f f i c i e n t  p u r i t y  t o  g i v e  t h e  

s'ame accuracy .  

2 .  P u r i t y  of Water , A l l w a t e r  used i n  p repa r ing  t h e  r e a g e n t s  

and i n  d i l u t i n g  t h e  samples s h a l l  be deminera l ized  w a t e r  

. .  and conform t o  th'e. s p e c i f i c a t i o n  f o r  Reagent Water (ASTM 

~ e s i g n a t i o n  D 1193) .  

3.  Manganous S u l f a t e  S o l u t i o n  - Disso lve  364 gms of manganous 

s u l f a t e  ( M ~ S O ~ . ; H ~ O )  i n  wate r ,  f i l t e r  and d i l u t e  t o  1 - l i t e r  

. w i t h  wa te r ;  

4. Po.tassium Iod ide  ( " ~ l k a l i n e '  S o l u t i o n )  - Disso lve  700 gms 

of potas,sium hydroxide  (KOH)  i n  s u f f i c i e n t  w a t e r  t o  make 

approximately  700 m l  of s o l u t i o n  i n  a  1 - l i t e r  vo lumet r ic  

f l a s k .  ( c o o l  t o  room t e m p e r a t u r e ) .  ~ i b s o l v e  150 gms of 

i o d a t e - f r e e  pot,assium i o d i d e  ( K I ) ,  i n  200 m i  of w a t e r  and' 
. . 

mix w i t h  the,KOH s o l u t i o n  i n  t h e  vo lumet r ic  f l a s k .  D i l u t e  

t o  1 - l i t e r  w i t h  wa te r  and shake f o r  1 o r  2 minutes .  

C A U T I O N :  ' S t o r e  s o l u t i o n  i n  a  dark ,  rubber - s toppered  b o t t l e .  



DISSOLVED OXYGEN I N  WATER 

r 

C . REAGENTS AND MATERIALS ( ~ o n t  Id )  

5. ( 0 .  I N )  Sodium T h i o s u l f a t e  S tandard  S o l u t i o n  - T h i s .  can be 

purchased from F i s h e r  a s  a  c e r t i f i e d  s t anda rd  - Cat .  So-S-368. 

It i s  s t anda rd i zed  a g a i n s t  Na t iona l  Bureau of S tandards  

Potassium Dichromate. 

6 .  (3-1) S u l f u r i c  Acid - Pour c a r e f u l l y  750 m l  of concen t r a t ed  

s u l f u r i c  a c i d  ( H ~ s o ~ )  i n t o  250 m l  of w a t e r  i n  a  beaker  which 

- i s  p laced  i n  a  s i n k .  Cool t o  room tempera ture  t r a n s f e r  t.0 a 

1 -1 i t . e r ' vo lume t r iC  f l a s k  and d i l u t e  t o  1 - l i t e r .  w i t h  wa te r .  

7. S t a r c h  I n d i c a t o r  - Thi s  i n d i c a t o r  i s  a v a i l a b l e  from F i s h e r  - 
Cat .  No. SO-S-408. 

D. PROCEDURE 

1. F i l l  a  2  m l  t r a n s f e r  p i p e t  w i t h  a l k a l i n e  potass ium i o d i d e  

s o l u t i o n  and w i t h  t h e  p i p e t  f i l l e d  t o  t h e  t i p  s o  t h a t  no 

bubble of a i r  w i l l  be fo rced  i n t o  t h e  samples e a s e  t h e  

bot t1 .e  s t o p p e r . o u t  of i t s  s e a t  and s imul taneous ly  t h r u s t  
. , 

. th ,e : .p ipe . t t ip ;  p a s t  i t  and i n t o  t h e  n e c k ' o f  t h e  b o t t l e .  
. . 

. . . . 

2 .  ' ~ 1 1 6 ~  th .&content i  of t h e  p i p e t  t o  d r a i n  i n t o  t h e  b o t t l e  

and s t o p p e r  b o t t l e  a f t e r  t h e  p i p e t  i s  d r a i n e d .  

3. F i l l  ano the r  2 m l  p i p e t  w i t h  manganous s u l f a t e  s o l u t i o n  

and add t o  t h e  sample i n  t h e  same way a s  d e s c r i b e d . i n  

s t e p s  D - 1  and D-2. 

. . -102- 



DISSOLVED OXYGEN I N  WATER C .  
D. . .  PROCEDURE . ( ~ o n t  Id)  

4 Stopper  t i g h t l y  and shake t h e  b o t t l e  t o  mix t h e  c o n t e n t s  

thoroughly .  

5. Allow, t h e  b o t t l e  t o  s t a n d  and when t h e  p r e c i p i t a t e  h a s  

s e t t l e d  Below t h e  shou lde r  of t h e  b o t t l e ;  add 2  m l  of (3-1) 

s u l f u r i c  a c i d  i n  the ,  same way d e s c r i b e d  i n  s t e p  D - 1  and D-2. 

6.  S topper  and shake u n t i l  a l l  p r e c i p i t a t e  i s  d i s s o l v e d .  

CAUTION: S t e p s  D - 1  through D-6 should  be completed w i t h i n  

15 minutes  a f t e r  sampling.  

7. Drain  t h e  sample, which s h a l l  be a t  a  t empera ture  n o t  

above 7 0 ° ~ ,  i n t o  a  c l e a n  c a s s e r o l e  and add 1 0  drops  of 

s t a r c h  i n d i c a t o r  s o l u t i o n .  

8. T ' i t r a t e w i t h 0 . 1 N  Na2S203 t o  t h e  d i sappearance  of t h e  b lue ,  

s t a r c h  iod' ine c o l o r ,  r i n s i n g  t h e  t i p  of t h e  b u r e t  i n  t h e  

sample a f t e r  each a d d i t i o n  a s  t h e . e n d  p0in.t  approaches .  

CAUTION: T i t r a t i o n  should  be completed w i t h i n  30 minutes  
. . 

, a f t e r  sampling.  

CALCULATIONS 

C a l c u l a t e  t h e . d i s s o l v e d  oxygen con ten t  of t h e  sample, i n  p a r t s  

p e r  m i l l i o n ,  a s  fo l l ows :  

Disso lved  oxygen, ppm = 8000 NS 
v 



DISSOLVED OXYGEN IN .WATER 

E.. CALCULATIONS 

Where : 

N = norma l i t y  of t h e  Na2S203 s o l u t i o n  

S = m l  of Na2S203 s o l u t i o n  r e q u i r e d  f o r  

V = m l  of sample used .  

t i t r a t i o n  



.OFF-GAS DETERMINATION 

Method No. WC-9 

A .  SUMMARY OF METHOD 

I n  the  ana.lysis'! of 'a .gaseous mixture by. absorpt ion .and oxi -  

da t ion  methods, the  compbnents of the  mixture a r e  determined 

by a sys temat ic  measurement of changes i n  gas  volume using 

khe B u r r e l l  e.,quipment. These volume changes a r e  a f f e c t e d  by 

the  successive removal of c e r t a i n  components from . the.mix-  

t u r e  by t reatment  .with.absorbing : reagents  and by sub jec t ing  

the  combustible components t o  oxida t ion .  Carbon dioxide i s  

absorbed . i n  Disorbent ( ~ o t a s s i u m  ~ y d r o x i d e ) .  Oxygen - is  

absorbed i n  .Oxsorbent (~hromous  Chloride)  . Hydrogen i s  

I oxidized by passing through heated copper oxide.  N i t ~ o g e n  

i s  determined by d i f f e r e n c e  a f t e r  a l l  o t h e r  components have 

been removed. 

B. BURRELL SETUP 'PROCEDURE 

L, F i l l  - the  b u r e t t e  .and gas  r e s e r v o i r  .with aqueous s .a l t  
. . 

s o i u t i o ~ .  . Add enough . t o  t h e  l e v e l i n g  b o t t l e  so  t h a t  the  

b u r e t t e  :may be f i l l &  comp1et:ely. and s t i l l  have s a l t  s o l u t i o n  
. . 

remaining : in  . the l e v e l i n g  :bo t t l e .  Add drop of phe'nol red 

. f o r  v ' isual  . a i d .  

2. F i l l  t he  p i p e t t e s  by opening . the  p i p e t t e  t o  the  abmos- 

1 phere through . . the manifold. Remove the  rubber , s topper  .and . 
i 

gas  bags, then pour the  s o l u t i o n  i n t o  the  r e a r  cornpartmen<. 



OFF-GAS DETERMINATION 

BIJRmLL SETUP .PROCEDUIU3 . ( Cont d ) 

Close the  manifold stopcock, i n f l a t e  the  bag .a l i t t l e  ~ a h d  

replace  t h e  s t o p p e r .  The first p ipe , t te  . i s  f o r  t h e  d e t e r -  

mination of carbon dioxide .and ..is f i l l e d  wi th  .Di-sorbent 

s o l u t i o n .  The .second p i p e t t e  i s  f o r  i l luminanbs and . is  

f i l l e d  with Lusorbent. The t h i r d  p i p e t t e  i s  f o r  oxygen 

and i s  f i l l e d  with Oxsorbent. 

NOTE: Oxsorbent t akes  up oxygen very rap id ly .  It i s  

necessary t o  f irst  f i l l  the  p i p e t t e  and p a r t i a l l y  

f i l l  the expansion bag with an oxygen-free gas.  

Di rec t  a  skream of the  gas  upon the  Oxsorbent a s  

i t  i s  being poured i n t o  the  p i p e t t e  and immediately 

replace  the  s topper  and expansion bag. 

3 .  Next b r ing  the  l i q u i d  i n  each p i p e t t e  up t o  wi th in  1/8 

inch  below the  stopcock by opening each p i p e t t e  i n  tu rn  

t o  the  b u r e t t e  and c a r e f u l l y  lowering t h e  l e v e l i n g  b o t t l e .  

4. To . t e s t  . the  apparatus  f o r  l eaks  lower the  burett:e- 

l e v e l i n g  . b o t t l e  and draw . i n  .ab.out 100 m l  of a i r  ,and open 

the  b u r e t t e  t o  the manifold. Turn t h e  ,end stopcock on the 

manifold to s e a l  and r a i s e  the l e v e l i n g  bulb t o  the  top  

of the  support  rod. A l eak  i n  any stopcock o r  rubber 

connection i s  indica ted  by the  l i q u i d  r i s i n g , i n  the  b u r e t t e .  

Drop the  ga's r e s e r v o i r s  and note  whether ,upon standkng .' 

-106- 
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.OFF-GAS DETERMINATION 

Be. BUmLL .SETUP .PROCEDUTZF: : ( Cont Id ) 

t he  l i q u i d  drops i n  .any of the  p i p e t t e s , .  i n d i c a t i n g  :a .Leak 

. in  . the rubbe.r .connections.  

5. ~ l e c t r i c '  Heaters 

The f i r s t  operation . i s  t o  s t a b i l i z e  the  copper oxide .and 

I c a t a l y s t  h e a t e r s  . a t  the  proper .temperature; Plug : i n  the  

Perma-Therm h e a t e r s  .and . i n  :lo-20 minutes they w i l l  be ready. 

6.  F i l l i n g  C a p i l l a r i e s  with Nitrogen 

a .  The manifold, copper .oxide, and c a t a l y s t  tubes 

should be f i l l e d '  with n i t rogen before t h e  a n a l y s i s  i s  

s t a r t e d .  

b .  To prepare the ni t rogen,  draw about 36 m l  of pure 

a . i r . i n t o  the b u r e t t e  and remove the  oxygen 'by passing 

. the  a i r  i n t o  t h e  oxorbent u n t i l  .no f u r t h e r  .abso'rption 

t akes  p lace .  

c .  Af ter  .sweeping the  ,manifold .and tubes  with n i t rogen,  

open t h e  oxidat.ion t.ub.es t o  .the manifold. 

d .  E s t a b l i s h  the.  n i t rogen  t h e r e i n  , a t  atmosphepic 

pressure  by l e v e l i n g  the  confining l i q u i d  i n  the  l e v e l -  

i n g  b o t t l e  and b u r e t t e .  

e .  When".level, c lose  the  oxida t ion  tubes  and .manifold 

and discharge $he n i t rogen .from :the buretbe.  I . .  



Bo BU-ERELL SETUP 'PROCECTJRE .. ( Cont 1 d ) 

t he  l i q u i d  drops i n  .any of t h e  p i p e t t e s ,  . i n d i c a t i n g  :a  . leak 

5. . E l e c t r i c  Heaters 

Tne f i rs t  0 p e r a t i o n . i ~  t o  s t a b i l i z e .  t h e  copper oxide and 

c a t a l y s t  h e a t e r s  a t '  t h e  proper . temperature.  .P lug  .:in the  

Perma-Therm h e a t e r s  .and . . in  :lo-20 minutes they w i l l  be ready. 

6.  F i l l i n g  C a p i l l a r i e s  with NLtrogen 

a .  The manifold, copper oxide, and c a t a l y s t  tubes 

should be f i l l e d  wi th  n i t rogen before  the  a n a l y s i s  i s  

s t a r t e d .  

b. '  To prepare the n i t rogen,  draw about 30 m l  of pure 

. a i r .  i l l to  the  b w e t t e  .and remove the  oxygen 'by passing 

the  a i r  i n t o  the  oxorbent u n t i l  no f u r t h e r  absobption 

t akes  p lace .  

c.  Ai'.ter .sweeping t h e .  manifold .and tubes  with n i t rogen,  

open the  o x i d a ~ i o n  t.ub.es t o  the  manifold. 

d .  E s t a b l i s h  the.  n i t rogen  t h e r e i n  $ a t  atmosphepic 

pressure  by l e v e l i n g  the confining l i q u i d  i n  the  l e v e l -  

i n g  bo tk le  and b u r e t t e .  

e .  Whem".level, c l o s e  the  oxida t ion  t.ub.es and ,manifsld 

and discharge '5he n i t rogen .from ; the b u r e t t e .  



OFF-GAS 'DETERiVIINATXON 

7. Volume of Sample 

a .  I n  genera l ,  t he  b e s t  procedure is  t o  take a s  l a r g e  

a  sample a s  may be conveniently handled throughout t h e  

var ious  s t a g e s  of t h e  a n a l y s i s .  E r r o r s  w i l l  be of l e s s  

magnitude than i f  a  small  sample is  used. With-a 100 m l  

sample, the  volume of each component determined i s  equal  

t o  the  percentage of t h a t  component. 

b. When aqueous s a l t  s o l u t i o n  i s  used a s  the  confining 

l i q u i d ,  a l i t t l e  more than 100 m l  of t h e  sample i s  drawn 

i n t o  the  b u r e t t e .  The b u r e t t e  stopcock i s  closed and 

the  sample i s  allowed t o  stand f o r  one minute t o  permit 

t h e  confining l i q u i d  t o  d r a i n  down the s i d e s  of t h e  

b u r e t t e .  The l e v e l i n g  b o t t l e  is  e levated  above the  con- 

f i n i n g  l i q u i d  i n  t,he b u r e t t e  u n t i l  the  l i q u i d  l e v e l  i n  
I 

t h e  b a r e t t e  i s  exac t ly  100, thus  p lac ing  the  gas  under 

.a . s l i g h t  p o s i t i v e  pressure ' .  .The connectin.g tubing i s  

then pig.ched . secure ly  betweer! t h e  thumb .and . f o r e f i n g e r  
I 

:and the b u r e t t e  stopcock .opening t o  the  atmosphere 

momenta-iafly, 'Lhus br ingfng the  100 m l  of gas  i n  : the 

b u r e t t e  t o  atmo:spheric pressure .  When aqueous s a l t  so- 

l u t i o n  : is used a s  the  confining l i q u i d ,  the  sample 

should be aliowed t o  stand . i n  . t h e  b u r e t t e  f o r  .one min- 

ube p r i o r  t o  each , reading.  'This insu res  ..a .uniform 

time f o r  drainage down t h e  . s ide  of the  b u r e t t e .  



- 
OFF-GAS 'DETERMINATION 

Carbon .Dioxide by Absorption 

I 

I 
i 1. .Raise  the  b u r e t t e , l e v e l i n g  b o t t l e  s l i g h t l y ,  thus  pu t t ing  

t h e  gas  i n  the  b u r e t t e  under . s l i g h t  pressure .  This prevents  

any l i q u i d  f rom t h e  p i p e t t e  being p u l l e d  i n t o  the  manifold. 

2. .Then t u r n  the  manifold stopcock t o  connect t o  t h e ' p i -  

p e t t e  a n d  continub r i i s i n g  t h e  b u r e t t e  l e v e l i n g  b o t t l e  u n t i l  

t he  confining : f l u i d . r e a c h e s  the t.op of the  b u r e t t e  and a l l  

the gas has  been passed . i n t o  the  p ipe t t e . '  

3. Lower the  b u r e t t e  l e v e l i n g  b o t t l e  br inging  the  gas  back 

. i n t o  t h e  b u r e t t e .  

4. . Repeat Steps (3-2 .and C - 3 .  

5. The l a s t  time the  gas i s  . r e tu rned  t o  the  b u r e t t e ,  br ing  

t h e  l e v e l  of the potassium.hydroxide s o l u t i o n  t o  the  r e -  

. ference po in t  on the  c a p i l l a r y  stem of the  p i p e t t e .  

6. Close the  p i p e t t e  stopcock and read the  b u r e t t e .  

7. The gas should be passed twice.,more i n t o  the  potassium 

I .hydroxide p i p e t t e  . a s  a  .check. I f  . the . reading  .i.s the same 

a s  before ,  ' a l l  .of t h e  carbon dioxide has been .removed and 

I t he  opera to r  may proceed with the  . ana lys i s .  If more than 

six:passes a r e  required t o  g e t  complete absorp t ion ,  the  

s o l ~ t . i o r i  .should b.e changed. 



PROCEDURE . ( ~ o n t . ' d  ) 

8. The volume a f t e r  .absorpt ion of carbon dioxide subtracb.:; . '. 

from t h e . i n i b i a 1  volume.of sample equals  the  volume of car -  

bon dioxide.  

Oxygen by Absorpbion 

I 9 .  .Next pass t h e  gas  twice' i n t o  the p i p e t t e ,  c o n t a h i n g  -chro- 

.mous ch lo r ide  .and read the b u r e t t e .  

10.  Pass t:he gas once more t o  make sure  t h a t  a.11. the  .oxygen 

has been removed and r e a d  the  b u r e t t e .  

I 11. The volume a f t e r  absorpt ion  of oxygen subtracted from 

the volume a f t e r , . a b s o r p t i o n  of carbon dioxide i s  equal  t o  t h e  

volume of oxygen i n  t h e  sample. 

Hydrogen by Oxidation w i t h  Copper Oxide 

12. place the  l e v e l i n g  b o t t l e  on the  top  of the  platform 

and regu la te  the flow of gas  by means of the  b u r e t t e  s top-  

cock.' 

13. Permit the  gas  t o  flow through the  copper oxide tube 

a t  about 10  m l  p e r  minute. 

14.  When.all the  gas  has passed through the  copper .oxide 

tube,  draw the  gas  back i n t o  the  ' bu re t t e  by way of the  

copper oxide tube a t  the  same flow r a t e .  



t OFF-GAS DETERMINATION 

C . . PROCEDURE ( ~ o n t  I d )  
/ 

15. .Four  such double passes through the  copper .oxide tube 

genera, l ly  s u f f i c e  t o  completely oxid ize  the  hydrogen. 

6  I f  a  high concentrat ion of hydrogen e x i s t s  add i t iona l .  

passes may be necessary.  

17.  Continue passes u n t i l  two i d e n t i c a l  readings a r e  .ob- 

t a ined .  

18. .Draw the  sample back i n t o  the  b u r e t t e  through the  copper 

oxide tube and read the  b u r e t t e .  

19. Any con t rac t ion  i n  volume i s  due t o  the  oxida t ion  of 

hydrogen and i s  equal  t o  the volume of hydrogen i n  the  sample, 

Nitrogen 

1. Any gas  remaining : in  the  b u r e t t e  a t  t h i s  s t age  is  due t o  

the  n i t rogen . i n  t h e  sample. 

NOTE: A t  the  completion of the  a n a l y s i s ,  before pe rmi t t ing .  

the  h e a t e r  t o c o o l ,  open the  copper oxide  tube, t o  the atmos- 

phere through t h e  manifold and a l s o  c lose  the r e s e r v o i r  s top-  
\ 

cock: . . . 

CAUTION : 

I., Errors  may be . introduced by the  reagents  becbming :exhausted.. 



5 OFF-GAS DETERMINATION 

PROCEDURE ( ~ o n t  ' d )  

The opera to r ,  by check .ana lys is  and by keeping :a record'  of 

the  amount of gas a  reagent has absorbed, may avoid t h i s  

poss ib3 l i ty .  

2 .  Incomplete absorpt ion  caused b y - i n s u f f i c i e n t  contac t  wi th  

the  reagent  may be el iminated by repeat ing  passes u n t i l  con- 

s t a n t  readings a r e  obtained.  

3 .  The s o l u t i o n s  must not  be allowed t o  .pass . i n t o  the main 

manifold header.  Wash.. out  the  header p e r i o d i c a l l y  .with 

ac idu la ted  water .even though i t  has no t  been apparent t h a t  

any s o l u t i o n  has entered .  . 

4. Keep stopcocks ( s i l i c o n  type)  greased t o  avoid l eaks  and 

be su re  t h a t  a l l  rubber connections a r e  sound. 

5. Before making a  f i n a l  a n a l y s i s  of a  gas  t h a t  d i f f e r s  

apprec iably  i n  composition from the  gas previously analyzed, 

pass a  sample through the  s o l u t i o n  i n  the  r e g u l a r  manner i n  

o r d e r  t o  b r ing  t h e  s o l u t i o n s  i n t o  equi l ibr ium with the  new 

sample. 

6 .  Radioactive gases  should be vented t o  exhaust and analyze 

under a  fume hood o r  equiva lent .  



CHROMATE DETERMINATION 

Method No. WC-10 

When potassium iodide  s o l u t i o n  i s  added t o  an a c i d i f i e d  water 

sample conta in ing  hexavalent chromium (chromates),  f r e e  

iodine  i s  re leased  i n  proport ion t o  t h e  chromate o r i g i n a l l y  

present .  The amount of iodine  i s  determined by t i t r a t i o n  with 

s tandard sodfum t h i o s u l f a t e .  S tarch  s o l u t i o n  i s  used a s  t h e  

I n d i c a t o r  s ince  it  produces a blue s t a r c h  iodine  complex i n  t h e  

presence of f r e e  iodine .  The end poin t  of t h e  t i t r a t i o n  i s  

"marked by t h e  disappearance of t h i s  blue c o l o r  which i s  an 

i n d i c a t i o n  t h a t  a l l  t h e  f r e e  iodine  has  been consumed. Sodium 

a c e t a t e  and EDTA a r e  added before t h e  t i t r a t i o n  t o  complex 

i n t e r f e r e n c e s  and prevent them from reac t ing .  

APPARATUS 

1. Bure t te  - 10  m l  Size ( P r e s t o - ~ i l  Bure t te  ~ s s e m b l ~  could be 

used. ) 

2. Porcelain Casserole - 140 m l  capaci ty .  
. . . . . . 

3. Graduated Cylinder - 50 m l .  

. 4, Dropping bo- t t les  - two 2-ounce s i z e .  
. . . . . .  . .  . .-.... . .  . . .  . . . . . _  . . . .  - - 

. . . . . . . . .  . . . . . .  _ . _ _ i . _ .  > _  .. _. . . . . . . . .  - - ..- 



CHROMATE DETERMINATION 

C ,  REAGENTS AND MATERIALS 

1. Pur i ty  of Reagents - Reagent grade chemicals s h a l l  be used 

t o  prepare reagents .  Unless otherwise ind ica ted ,  a l l  reagents  

s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee on 

Analyt ical  Reagents of t h e  Ameri can Chemical Society.  Other 

reagents  may be used, provided they  a r e  of s u f f i c i e n t  p u r i t y  
/ 

t o  g i v e  t h e  same accuracy. , - 

2, Pur i ty  of Water - A l l  water used i n  preparing t h e  reagents  

and i n  s t andard iza t ion  of these  r eagen t s ,  s h a l l  .be demineralized 

water and conform t o  t h e  Spec i f i ca t ion  f o r  Reagent Water 

(ASTM Designation 'Dllg3) .  

3 .  O001N Sodium Thiosul fa te  ~ a l b t i o n  - This s tandard s o l u t i o n  

can be purchased from F i she r  S c i e n t i f i c  Company, 

4. Hydrochloric Acid Solut ion - Measure 100 m l  of concentra-  

t e d  (12,lN) hydrochloric  ac id  and add 100 m l  of water,  

5. Sodium ~ c e t a t e  Powder - Fisher  Chemical Cat. #s-209. 

6.  Ethylenediamine Te t roace t i c  Acid - Fisher  Chemical 
a 

e a t ,  #E-478. 

7. Concentrated Potassium Iodide - This s o l u t i o n  can b e , p u r -  

chased from F i she r  - S c i e n t i f i c  Company. Excess s o l i d  should 

be' present .  



CHROMATE DETERMINATION 

C . REAGENTS AND MATERIALS (Cant ' d ) 

' 8. Starch  I n d i c a t o r  Solut ion - F i  she r  Chemical Cat. 

D o  PROCEDURE 

I.  Measure 50 m l  of f i l t e r e d  sample i n  a graduate  and pour 

i n t o  casse ro le .  

2. S t i r  while adding 5 m l  of 1 ~ 1  hydrochloric  a c i d  and 10  

drops of concentrated potassium iodide  so lu t ion .  

MOTE: Allow t h e  s o l u t i o n  t o  s e t  f o r  2 minutes. The s o l u t i o n  

w i l l ,  t u r n  t o  a c o l o r  which may vary from amber t o  r u s t  

red,  depending upon t h e  chromate concent ra t ion  present  

i n  t h e  sample. 

3.  Add approximately 5 gms of sodium a c e t a t e  powdered and 

approximately 0.2 g m  EDTA ( see  s t e p  C-6).  

4. S t i r  f o r  one o r  two minutes. Allow t h e  s o l u t i o n  t o  s e t  

fo.r 5 minutes. 

5 0 
S t a r t  t i t r a t i n g  s o l u t i  on . in  c a ~ s e r o l e  with O o O I N  sodium 

t h f o s u l f a t e  . . u n t i l  t h e  c o l o r  w.eakens t o  a straw yellow co lo r .  

. . 

6. s t o p '  t i t r a t i n g  a t  t h i s  poin t  and add 10  drops of s t a r c h  

fnd'fcator,  The s o l u t i o n  w i l l  then t u r n  a deep blue o r  blue- 



CHROMATE DETERMINATION 

D o  PROCEDURE ( cont d  ) 

7, Resume t h e  t i  t r a t i o n ,  adding 0.01N sodium t h i o s u l f  a t e  

dropwise u n t i l .  t h e  absence. of t h e  s ta rch- iodine '  blue c o l o r ,  

NOTE: The s p e c i f i c  c o l o r  of t h e  endpoint may vary depend- 

ing  upon what o t h e r  substances a r e  present  i n  t h e  

sample, Hence, t h e  s o l u t i o n  shogld be t i t r a t e d  t o  

t h e  absence of t h e  s t a rch- iod ine  blue c o l o r  and not 

t o  a  c o l o r l e s s  endpoint,  

8. To check t h e  endpoint,  add another  5 drops each 1:l 

hydrochloric  ae id  and potassium iodide  s o l u t i o n ,  I f  no blue 

c o l o r  reappears ,  t h e  b u r e t t e  reading i s  used i n  t h e  c a l c u l a -  

t i o n ,  However, i f  a  c o l o r  change does occur, cont inue 

t i t r a t i n g  a s  i n  s t e p  D-6. 

E , CALCULATIONS 
. . 

Buret te  reading i n  ( m l )  pe r  50 m l  sample X 7.7 = ppm of 

chromate a s  chromate (Cro4). 

MOTE: The b u r e t t e  reading i n  m l ,  per  50 m l  sample: 

a, ) X 10,8 = ppm chromate a s  sodium chromate 

.. . 

.he) X 0.63 = gra ina  - - -  per  g a l l o n  o f  chromate a s  

sodium - .  . chromat-e ( ~ a ~ c 1 - 0 ~ ) .  

c.)  X 7.7 1 ppm of chromate as chromate ( c ~ o ~ ) .  
5 - 



BORON DETEMINATION 

I:. 

Method No. WC-11A 

A. S U W Y  OF METHOD 
- 

In  t h e  presence of boron, a s o l u t i o n  of carmine o r  carminic 

ac id  i n  concen,trated s u l f u r i c  ac id  changes from b r i g h t  red 

t o  a b l u i s h  red o r  blue,  depending on t h e  concent ra t ion  of 

Boron present .  The i o n s  commonly found i n  water  do not  

... i n t e r f e r e  with t h i s  method. Samples should be s to red  i n  

polyethylene b o t t l e s  o r  i n  boron-free glassware.  The t r a n s -  

mit tance of t h e  colored s o l u t i o n  f s  measured with t h e  DU ,. 
Spectrophotometer us ing  a 1 cm c e l l  a t  a wavelength of 5 8 5 . q  

APPARATUS 

1. ' Normal l abora to ry  glassware i s  requ i  red f o r  t h i s  'work. 

2. Speetrophotometer - Beckman DU Spectrophotometer i s  

p re fe r red .  
0 

3. P i k e t t s  - 1; 2, 5 and 1 0  m l  capac i ty  i s  needed. 

4. . . .Flask - s i x  each 100 m l  and 50.ml volumetr ic  f l a s k s .  

C. REAGENTS AND MATERIALS . 
- 

-. 

I. Pur i ty  of Reagents - Reagent grade chemicals s h a l l  be 

u s e d ' t o  prepare reagents .  Unless otherwise ind ica ted ,  a l l  

reagents  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee 



BORON DETERMINATION 

C ,  REAGENTS AND MATERIALS (Contgd.) 
, . 

on Analyt ical  Reagents of the  American Chemical Society.  Other 

reagents  may be used, provided . they  a r e  of s u f f i c i e n t  p u r i t y  

b t o  gave the same accuracy. 

2. Pur i ty  of Water - A l l  water used preparing t h e  reagents  

and i n  s t andard iza t ion  of these  reagents  s h a l l  be demineralized 

water and conform t o  t h e  Spec i f fca t ion  f o r  Reagent Water 

(ASTM Designation ~ 1 1 9 3 ) .  

I Standard Boric, Acid S o l u t i o n . -  Dissolve 0.5717 grams of 

- b o r i c - a c i d  c r y s t a l s  i n  water and d i l u t e  t o  1000 m l .  (1-.OO m l  
. . 

equals  0.100 mg   or on). 

CAUTION: Since bor ic  ac id  c r y s t a l s  l o s e  weight on drying - 
. . 

. a t  ' 1 0 5 ~  C, a  reagent  meeting s t e p  C-1  s p e c i f i  ca- 
. . 
. . 

t i o n s  should be used .and kept t i g h t l y  stoppered 

t o  prevent absorpt ion of a i r  moisture.  
,- 

4. L2,1N haydrochloric Acid - Concentrated hydrochlor ic  ac id  

5. . 36.0 N S u l f u r i c  Acid - Concentrated g u l f u r i c  ac id  ( ~ ~ s o ~ ) .  

6. Carmine Solut ion - Dissolve 0.92 grams of carmine N.F. 40, 

o r  carminic ac id  i n  1 i i t e r  of H ~ S O ~ .  



b BORON DETERMINATION 

D, PROCEDURE 

1.. Pipet 1.0, 2.0, 5.0 and lO.0 .. . m l  of t h e  s tandard bor ic  

ac id  s o l u t i o n  i n t o  separa te  100 m l  volumetric f l a s k s .  Also 
. . 

prepare a  blank with no bor ic  ac id  standard added. 

NOTE: The b o r i c  ac id  s o l u t i o n  a l i q u o t s  r ep resen t s  boron 

c.oncentrations of 1, 2-, 5 and 10  ppm respec t ive ly .  

2. Di lu te  t o  100 ml with water. 

3. Measure 2  m l  of each solution and t r a n s f e r  each i n t o  c i e i n  

d ry  50 m i  .volumetr ic  . . f l a s k s .  ; 

4. Add two drops of concentcated hydrochloric  ac id  ( H C ~ ) .  
. . 

5. Pipet  10  m l  of concentrated s u l f u r i c  ac id  (M2s0,+) i n t o  
. .-. 

each f l a s k .  

NOTE: ~ i l o w '  s u f f i c i e n t  time . - :  i for  drainage of s u l f u r i c  ac id  

(M SO ) from t h e  s i d e  wa l l s  of t h e  f l a s k s .  
2  4 

. .. 

6. Swirl  t h e  s o l u t i o n  with caut ion  and allow s o l u t i o n s  t o  

cool.  t o  room temperature.  

7. Pipet LO m l  of carmfnic ac id  s o l u t i o n  i n t o  each f l a s k ,  

Stopper and shake f o r  1 o r  2  minutes. 
, . .  

6'AT.TION: .Incomplete mixing i n  t h i s  s t e p  can cause bubbles 

t o  be present  when t r a n s f e r r e d  t o  the,DJ.-Cells. 

(This  can be a  s e r i o u s  source of e r r o r . )  



BORON DETERMINATION 

Do PROCEDURE ( Cont d ) 

8. Allow t h e  s o l u t i o n s  t o  s tand f o r  1 hour and read t h e  

t ransmi t tance  on t h e  DU-Spectrophotometer. 

9 .  ~ e & r e  a f r e s h  sample (needed' t o  be analyzed f o r  boron 
. - .  . .  

c o n t e n t )  and p ipe t  2 m l  of t h e  100 m l  sample i n t o  a c lean  dry 
- 

50. d.. ~ ~ L u m e t r i c  f l a s k .  

10.  Repeat s t e p s  D-4, D-5,  D-6, D-,7 and D-8. 

NOTE: Carry a reagent blank throughout t h e  e n t i r e  procedure. 

11. Read'boron concentrat ion : in  ppm from t h e  s tandard curve 

mentf oned i n  s t e p  'E-1 . 
E. CALCULATIONS 

1. Plo t  . t ransmit tance.  versus ppm on. semi-log' paper from read- 

ings  obtained from s t e p s  D-8. 

CAUTION: Since t h e  carmine reagent d e t e r i o r a t e s  t h e  

s tandard curve should be checked d a i l y ,  



BORON DETEWIIYATION 

Method No. .:WC-lXB 

! 
A .  . SUMMARY OF METHOD 

The c o n c e n t r a t i o n  .of Boron . i n  Sodium .Pen tabora te  Decahydrate 

can be determined by u s i n g  a hydr0met .e~  . t o  measure t h e  s p e c i -  

.- B, - APPARATUS 

1. M'ormal l a b o r a t o r y  g lassware  . i s  r e q u i r e d  f o r  t h i s  method. 

2. Hydrometer - To be  a b l e  t o  read  between 1 .000 t h r u  1 .100 

s p e c i f i c  g r a v i t y  range.  

3.  Thermometer - To be  a b l e  t o  read  tempera ture  between 0- 

212 '~ .  
.. 

5. .Hot  p l a t e  o r  w a t e r  b a t h .  

None 

C ,  .PRaCEDU-W 

1. C o l l e c t  .a sample . o f  t h e  .Sodium Pen tabo ra t e  Decahydrate 

s o l u t i o n  . i n  - t h e  1000 m l  graduated cy1inde.r.  
1 

2. Main ta in . . the  t empera ture  of t h e  sample a t  80 F by .means 

of  a  h o t  p l a t e  o r  .wa te r  .bath .  

-121- 



.- 

BOXIN DETERMINATION 

3 .  . P l a c e  t h e  hyd rome te r . i n  t h e  sample and r eco rd  t h e  

s p e c i f i c  g r a v i t y .  

4.  De te rmine  t h e  concen t r a t i on  (w/o) of  Sodium Pen tabo ra t e  

.Decahydrate from W C - 1 1 - 1 ,  which . p l o t s  t h e  r e l a t i o n s h i p  of  

c o n c e n t r a t i o n  ve r sus  . s p e c i f i c  g r a v i t y  of Sodium .Pen tabora te  

Decahydrate a t  80  SF. 

. E . .. CALCULATIONS 

c'onve'rt. t h e  concen t r a t i on  (w/o) determined i n  s t e p  . ~ - 4  a s  

f o l l o w s  : 

n a t u r a l  
Boron 4 (ppm) = (W/o ) (10  ) 60.183) 

-10, n a t u r a l  
Boron (ppm) = ppm Boron .x (0 .1960)  





COPPER DETERMINATION 

Method No. We-12 

A, SUMMARY OF METHOD 

This method is based on the measurement of the intensity of the 
- ,  

yellow color of the cuprous complex of 2-9 dimethyl - 1, 10 - 
phenanthroline (neo-cuproine). Full development of the color 

takes place over the pH range from 2.3 to 9.0. However a buffer 

phase is used to produce an aqueous phase with a pH of 4.0 to 

6.0. The copper is reduced with hydroxylamine hydrochloride 

and the pH of the solution is. adjusted with a sodium citrate 

solution, The cuprous ion is then reacted with neo- cuprosne 

and the yellow complex extracted with chlorofom. The method 

follows Beerqs Law up to a concentration of 5 ppm Cu, The 

transml.ttance is measured at 437 mH. on the DU spectrophotometer 

using a lo cm cell., 

1. Spectrophotometer - Beckman DU ~~ectro~hotometer is 
. . 

pre.f erred. 

2, Norms1 laboratory glassware is required for this. work. 

3. 2 each - 10 cm cell, 

4, 12 each - 125 ml Squibb separatory funnels. 



B. APPARATUS ( e o n t g d )  

5. 12  each - LOO m l  volumetric f l a s k s  

6.  12. each - 250 m l  beakers 

C, REAGENTS A!YD MATERIALS 

1, Pur i ty  of Reagents - Reagent grade chemicals s h a l l  be used 
. .*  

t o  prepare reagents .  Unless ,o therwise  ind ica ted ,  a l l  reagents  

sha1.l conform t o  ! t h e  s p e c f f i 6 a t i o n s  of t h e  Committee on 

Aazalytf ca l ,  Reagents of t h e  American Chemical Society.  Other 

reagents  may be used, provided they  a r e  of s u f f i c i e n t  p u r i t y  
j t o , .g fve  the  same accuracy. 

2 ,  Pur i ty  of Water - A l l  water used i n  preparing t h e  reagents  

and i n  s tandardfza t ion  of t h e s e  reagents  s h a l l  be demineralized 
. .. 

water and .. conform . t o  t h e  Spec i f i ca t ion  f o r  Reagent Water 

3. - l4.8N Ammonium Hydroxide - Concentrated ammonium hydroxide 

4. - Copper, Standard Sol tu ion  (1 ml = 0 , 02 mg Cu. ) Weigh 0.200 

gram o f  ~ ~ . e c t r o l . y t i . c  copper. Place i t  i n  a 250 m l  beaker under 

a hood, add 3 r n l  of water and 3 m l  of HNO 3 and cover t h e  beaker 

with a watch g l a s s .  After  t h e  metal has  completely dissolved 



COPPER DETERMINATION 

C , REAGENTS AND MATERIALS ( Cont ! d ) 

add 1 m l  of H2S04 (sp.gr .  1 .84)  and h e a t  on a h o t  p l a t e  j u s t  
- 

s h o r t  of complete d ryness .  DO MOT bake t h e  r e s i d u e ,  Cool 

t h e  r e s i d u e ,  wash down t h e  s i d e s  of t h e  beaker  and t h e  bottom 

of t h e  watch glass,  and aga in  evapora te  t h e  s o l u t i o n  n e a r l y  

t o  d ryness  t o  expe l  t h e  HNO Cool t h e  r e s i d u e ,  d i s s o l v e  i t  3" , . 

i n  wate r ,  and d i l u t e  t h e  s o l u t i o n  t o  1 l i t e r .  Make t h e  

s t anda rd  as needed by d i l u t i n g  100' m l  o f .  t h e  prepared  

s o l u t i o n  t o  1 l i t e r  wi th  wate r ,  One m i l l i l i t e r  of t h e  

s tand,ard  ,kcantal.ns 0.02 mg C u  o r  when d i l u t e d  t o  50 m l  w i th  

wate r  i t  r e p r d i e n t s  a 0.4 ppm C u  s o l u t i o n .  

5. 12.I.N-Hydrochlorf@ Acid - Concentrated h y d r o c h l o r i c  ac id  

6.  Hyrlroxylamine Hydrochloride S o l u t i o n  - (200 g / l )  - D i s -  

so lve- .  40 @;rams of hydro,xy;amine hydrochlor ide  ( N H ~ O H  HC1) i n  

wate r  a.nd-. d i l u t e ,  t o  200 m l .  

7 .  Neocuproirae ~ o l . u i i o n  ( 1  g/l ) -  iss solve 0.1 gram of 

neocuproine ( 2 ,  9 - dimethyl - 1, 10 - pheon th ro l ine )  i n  50 m l  

of 8isopropyl '  alcohol, .  D i l u t e  t h e  s o l u t i o n  t o  100 m l  wi th  

water .  

8. ' 15.7N N i t r i c  Acid - Concentrated n i t r i c  a c i d  ( H N O ~ )  , 

126- 



COPPER DETERMINATION 

C . REAGENTS AND MATERIALS ( Con t cd ) 

9 ,  Sodium C i t r a t e  S o l u t i o n  (250 g / l )  - Disso lve  250 grams 
. . 

of hydra ted  sodium c i t r a t e  (I'Jq3C5H70) i n  wate r  and d i l u t e  t o  

1 l i t e r .  Add 1 0  ml of NH20HoHC1 s o l u t i o n  and 10 m l  of 

neocupmS.ne s o l u t i o n .  E x t r a c t  copper i m p u r i t i e s  i n  t h e  

s o l u t i o n  wi th  50 m l  of CH C 1  d i s c a r d i n g  t h e  chloroform 
3' , 

l a y e r ,  

10. 3 6 ~  S u l f u r i c  Acid - Concentrated s u l f u r i c  a c i d  ( H ~ s o ~ )  

11. Isopropyl  Alcohol 
- 

12. Chloroform ( c H c ~ ~ ) .  

D y  PROCEDURE 

1. Prepare  a s e r i e s  of s t anda rd  copper  s o l u t i o n s  by p i p e t t i n g  

t 1, 2, 5, 10 m l  a l i q u o t s  i n t o  125 m l  Squibb s e p a r a t o r y  funne l s .  

Also prepare  a blank wi th  no copper s t anda rd  added. Add 0.1 
- 

m l  of hyd roch lo r i c  a c i d  (HCl) and d i l u t e  t o  50 m l . w i t h  water .  

2. Add 5 r n l  of Hydroxylamine Hydrochloride NH20HoHC1 s o l u t i o n  

and: shake for 30 seconds,  

3. Add 10 m l  of sodium c i t r a t e  s o l u t i o n  and shake f o r  30 

s e c o ~ d s .  



C COFPER DETEXMPNATXON 

Do PROCEDURE (Cont d  ) 

14.. Add 1.0 r n l  of neocuprol.ne s o l u t i o n  and shake f o r  30 seconds.  

5. Add 30 r n l  of chloroform and shake v igo rous ly  f o r  30 
- 

seconds ,  

6. Allow t h e  . funnel  t o  s t a n d  5 minutes  t o  permi t  aqueous and 

ch lo ro f  crm layers t o  ' s e p a r a t e .  

T e  Drain the  chloroform l a y e r  i n t o  a  d r y  f l a s k  and r e p e a t  
\ 

s t e p  D-5 wfth 20 ml. of chloroform.  

8. Combfne t h e  ~$?.korof'o.rm e x t r a c t ' s  i n  a  vo lumet r ic  f l a s k  and 

d i l u t e  t o  50 mL wfth :Lsopropyl alc'ohol. 

9 ,  Read the p e r  c e n t  t . r ansmi t tance  on t h e  DU Spec t rophoto-  

mete r  a t  437 myus ing  10 em c e l l s .  

LO, .Secure  a f r e s h  sample (sample ~ e e d e d  t o  be analyzed f o r  

copper  ? .on ten t )  and. p i p e t  a 50 m l  a l i q u o t  of t h e  a c i d i f i e d  

sample i n t o  a  125 m l  Squibb sepa raeo ry  f u n n e l ,  

1 2 ,  Reseat  step D-9 and o b t a i n  copper  c o n c e n t r a t i o n  from curve  

produced on s t e p  E- l .  





t COPPER DETEFtMIMATION 

Do PROCEDURE (contgd) 

21. Add ,.about 80 m l  of wate r  t o  t h e  r e s i d u e ,  b r i n g  ' t o  a b o i  1, 

c.ool., and i f  t u r b i d ,  f i l t e r .  

22. Adjust t h e  pH t o  4 t o  6 by dropwise a d d i t i o n  of NH40H 

H u s i n g  range p paper .  

23. Add 0.2 m l  of hydrochi ,oric a c i d  ( H C 1 )  and d i l u t e  t o  100 

r n l  in a vo lumet r ic  f l a s k  with, deminera l ized  water .  

24. Pfpet a 50 m l  a l i q u o t  i n t o  a 125  m l .  Squibb s e p a r a t o r y  

funne l .  

25. Repeat s t e p s  D-11  and D-12. 

E. CALCULATIONS . .  

1, P l o t  the  r ead ing  from s t e p  D-9 ve r sus  c o n c e n t r a t i o n  of 



HARDNESS DETERMINATION 

Method .No. W C - 1 3  

A .  .ZJJMMARY OF METHOD 

Hardness i n  w a t e r . i s  caused p r i n c i p a l l y  by t h e . e l e m e n t s  ca lc ium 

:and magnesium and somebimes 'by , i r o n  and a.luminum. T o t a l  ha rdness  

k . ~  .de termined by t i t r a t i o n  a t  pH :'10.0 w i t h  :a s t anda rd i z&d  solu- 

t i o n  of  t h e  disodium , s a l t  of e thylenediamine t e t r a a c e t . i c  a c i d  
\, 

( ~ e r s e n e ) .  Eriochrome Black T : i s  u s e d . a s  t h e  i n d i c a t o r .  .Mag- 
'\ 

nesium , r e a c t s  w i th  t h e  i n d i c a t o r  t o  form a  wine-red complex. 

'.. \ . C a l c i u m i s  complete ly  conver ted t.o a  c o l o r l e s s  c o m p l e x b y . t h e  

' .  b i t r a t i n g .  : solut . ion b e f o r e  t h e  .magnesium is  removed- . from ;i ts com- 

p l e x  w i t h  t h e  i n d i c a t o r .  The end po in t  i s  reached when t h e  

Blue c o l o r  of t h e  i n d i c a t o r  i s  v i s i b l e  w i t h  no t r a c e  of  t h e  

wine-red c o l o r  of t h e  magnesium complex. S ince  c a l c ' i u m ~ w i l l  
\ 

n o t  cause  a c o l o r  change wi th  t h e  i n d i c a t o r ,  magnesium ds 

added t o  t h e  t , L t r a t i n g  . s o l u t i o n  t o  . insu.re formabion .of . t h e  

wfne-red c o l o r  .when t i t r a t l n g  .sampTes c o n t a i n i n g  .ca lc ium b u t  

no magnesium. ?'he i n t e r f e r e n c e  of  copper  and i r o n ,  up t o  

10 p p m l i s  e l imina t ed  by t h e  a d d i t i o n  of sodium s u l f i d e .  

B.' 

1. . Normal l a b o r a t o r y  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2. Microburet  

3. . D e s i c c a t o r  - The d e s i c c a t o r  must hold  f o u r  1 inch  d i a ~  

mete r  samples s i m i l a r  t o  F i s h e r  No..8-615. 



HARDNESS DETERMINATION 

Bb APPARATUS ( ~ . o n t  'd  ) 

4 .  .Oven - Oven .should be convec t ion  type  a,nd be a b l e  
. .. . . 

t o  supply  un i form h e a t  : a t .  l l ~ ?  C t o  a  - + 0.5' C .  ( ~ i s h e r . N o .  

13-244-1 o r  e q u i v a l e n t ) .  

C .  REAGENTS AND MATERIALS 

1. R e a g e n t  g rade  chemicals  s h a l l ,  be used t o  pre.pare r e a g e n t s .  

Unless  o therwise  i n d i c a t e d ,  a l l  reager i ts  s h a l l  conform t o  t h e  

s p e c i f i c a t i o n s  of t h e  Committee on A n a l y t i c a l  Reagents of  t h e  

American chemical  Soc i e ty .  Other reagen. ts  may .be used,  pro3?Lded 

t h e y  a r e  of  s u f r i c i e n t  p u r i t y  t o  g i v e  t h e  s a m e ' a c c u ~ a c y .  

2 .  P u r i t y  o f  Wdter - A l l  wa t e r  used i n  t h e  r e a g e n t s  

and i n  di lu t .5ng . , t h e  samples s h a l l  be deminera l ized  wdte r  and , 

cbnform t o  t h e . : ~ ~ e b i f i c a t i o n  for Reagent Water (ASTM Designa- 

t i o n  D 119.3). 

3 .  B u f f e r  S o l u t i o n  - Add 67 .5  g  o f  Ammonium Chlor ide  ( N H ~ C ~ )  

i n  380 m l  of  wa te r .  Add 570 mi l l i l i t e r s  oP concen t r a t ed  
O 

Ammonium ~ ~ d r o x i d e .  

. . 
4 .  Sodium S u l f i d e  ~01.u:t;ioi.l - . ~ i s s b l v e  45 grams of sodium s u l -  . . . . 
r i d e  ( N ~ ~ S  9 ~ ~ 0 )  ir 100 m i l l i l i k e r s  of wate r .  

. . 
.. . 

5. . Eriochrome Black T I n d i c a t o r  - Diskolve 0.025. of 'dye 

i n  50 m i l l i l i t e r s  of wate r .  . T h i s .  r eagen t  . w i l l  h.ot keep i n -  , 

d e f i n i t e l y .  .Make f r e s h  a f t e r  two weeks. 



HARDNESS DETERMINATION 

i 6 .  Sodium E t h ~ l e n e d ~ i a m i n e  T e t r a a c e t a t e  S o l u t i o n  - Disso lve  
I 

4 . 0  grams of disodium ethylenediamine t e t r a a c e  t.a t e  d ihydra  t e  

i n  approximately  800 m l  of wa te r .  

7. S tandard  T i t r a t i n g  S o l u t i o n  - Add .1 gram of magnesium 

c h l o r i d e  ( M ~ C ~ ~  6 ~ 2 0 )  t o  Sodium ( ~ i )  Ethylenediamine Te t r aa -  

c e t a t e  S o l u t i o n ,  (1 m l = l  mg Ca C03 Standard s o l u t i o n ) .  

CAUTION: S t o r e  s o l u t i o n  . i n  a  p l a s t i c  b o t t l e .  

8. Standard Hard Water - Oven d r y  s e v e r a l  grams of ca lc ium 

ca rbona t e  c r y s t a l s  ( c ~ c O ~ )  a t  105' C f o r  s e v e r a l  hou r s  (ove r -  

n i g h t  should  b e . s u f f i c i e n t ) .  T r a n s f e r  t o  a  d e s i c c a t o r  and 

coo l  f o r  30 minutes .  Weigh,1.00 gram of d r y  ca lc ium carbona te  

c r y s t a l s  i n t o  a  500 m l  e r lenmeyer  f l a s k .  Add (1 -1 )  hydro- 

c h l o r i c  a c i d  ( H C ~ )  u n t i l  a l l  t h e  ca lc ium carbona te  ( c ~ c o ) )  

I h a s ,  been d i s s o l v e d .  Add 200 m l  of w a t e r  .and b o i l  f o r  .a  few 
I 

! 
1 minutes  t o  expe ' l l  C02. Cool, add a  .few drops  of methyl  red  

i n d i c a t o r  and ad j u s t  t o  t h e  i n t e r m e d i a t e  orhnge c o l o r  (pH5.3)  ' 

by a d d i t i o n  of 3 N  ammonium hydroxide ( 1 ~ ~ 0 ~ )  and (1-1)  hydro- 

c h l o r i c  a c i d  ( H C ~ )  a s  r e q u i r e d .  T r a n s f e r  q u a n t i t a t i v e l y  t o  

a  l i t e r  volume f l a s k  and d i l u t e  t o  1-liter w i t h  wate r .  

NOTE: T h i s  s t anda rd  c o n t a i n s  1.000.mg CaC03 i n  e a c h ' m i l l i -  

. l i t e r  .which , r e p r e s e n t s  1000 ppm. 



HARDNESS DETERMINATION 

D. PROCEDURE 

1. Measure a c c u r a t e l y  100  m l  o f  sample and t r a n s f e r  t o  250 m l  

e r l e n m e y e r  f l a s k .  

2. Add 1 m l  of  b u f f e r  s o l u t i o n .  

3. Add 3 d r o p s  of sodium s u l f k d e  s o l u t i o n .  

4. Add 2 d r o p s  of  Eriochrome Black  T  I n d i c a t o r  and s t i r  f o r  

1 o r  2 minu tes .  

5. While s t i r r i n g  t h e  s o l u t i o n ,  t i t r a t e  s l o w l y  ( ~ e . e  C - 7  s t a n -  

da rd  s o l u t i o n )  u s i n g  .a  m i c r o b u r e t .  

NOTE: T i t r a t e  u n t i l  t h e  wine-red c o l o r  d i s a p p e a r s  and a  b l u e  

c o l o r  r emains .  

E. CALCULATIONS 

T o t a l  h a r d n e s s  a s  ppm CaCQ3 = 
. . 

.. . . . . , . . 
. . 

( m l  t i t r a t i n g . s o l u t i o n )  (1000)  * 

. . 
. . 

(volume of  sample,  m l )  



PHOSPHATE DETERMINATI.ON 

Method No. WC -14 

A. SUMMARY OF METHOD 

Orthophosphate reacts with ammonium molybdate in an acid medium 

to form a phosphomolybdate which in turn is reduced to a 

molybdenum blue complex with stannous chloride. This color 

intensity is proportional to the phosphate concentration of 

the sample. 

B, APPARATUS 

1) Spectrophotometer - Beckman DU Spectrophotometer is preferred. 

2) Normal laboratory glassware is required for this work. 

C .  REAGENTS AND MATERIALS 

1) Purity of Reagents - Reagent grade chemicals shall be used 

to prepare reagents. Unless.otherwise indicated, all reagents 

shall conform to the specifications of the committee on 

Analytical Reagents of the American Chemical Society. Other 

reagents may be used, provided they'are of sufficient purity 

to give the same accuracy. 

. 2) Purity of Water - All water used in preparing the reagents 

-and in standardization of these reagents shall be demineralized 

water and conform to the Specification for Reagent Water (ASTM 

Designation ~1193). 



PHOSPHATE DETERMINATION 

3). Phosphate, S tandard  S o l u t i o n  (1 ml=0 .1  mgpo4). Disso lve  

0.1433 g of oven-dr ied potass ium dihydrogen phosphate (KH2p04) 

i n  w a t e r  and d i l u t e  t o  1 l i t e r  i n  a  vo lumet r ic .  f l a s k .  

, , 4 )  A 1  

Disso lve  2.5' gms of ammonium molybdate i n  about  800 m l  of 

w a t e r  and d i l u t e  t o  1 - l i t e r  w i t h  w a t e r .  

5 )  S u l f u r i c  Acid S o l u t i o n  

Add 310 m l  of concen t r a t ed  s u l f u r i c  a c i d  ( ~ ~ ~ 0 4 )  t o  about  600 

m l  of wa te r .  Cool and d i l u t e  t o  1 - l i t e r  w i t h  w a t e r .  

6 )  Stannous Ch lo r ide  S o l u t i o n  

Disso lve  2 . 5  gms of s tannous  c h l o r i d e  ( s n c 1 2 - 2 ~ ~ 0 )  i n  10 m l  

of concen t r a t ed  hyd roch lo r i c  a c i d  ( H C ~ )  and d i l u t e  t o  100 m l  

w i t h ,  wa te r .  

C A U T I O N :  F i l t e r  i f  t u r b i d .  Add a  l a y e r  of pure  mine ra l  o i l  

5 mm t h i c k  over  t h e  s u r f a c e  of t h e  s o l u t i o n ' t o  

m%nimize o x i d a t i o n .  

NOTE: The r eagen t  can a l s o  be p reserved  s e v e r a l  weeks by 

, adding mossy t i n  and s t o r i n g  i n  a  r e f r i g e r a t o r .  



PHOSPHATE DETERMINATION 

D. PROCEDURE I .  

1) Prepare a series of standard phosphate solutions to cover 

the range from 0 to 25. ppm. Prepare the standards by diluting 

suitable volumes of phosphate solution (1 ml - 0.1 mg ~ 0 ~ )  
- 

to 50'ml with water. One milliliter of phosphate solution 

(1 ml - 0.1 mg  PO^) diluted to 50 ml with water produces a 
h 

standard containing 2.0 ppm of phosphate. 

2) Add 4 ml of sulfuric acid solution ( H ~ S O ~ )  to each sample 

and mix. 

3) Add 4 ml of ammonium molybdate solution to each sample and 

mix. 

4) Add 10 drops of stannous chloride solution to each sample 

and mix for 1 or 2 minutes. 

5) Allow exactly 10 minutes for color development. 

6) Measure the absorbance at 650 mKwith a spectrophotometerj 

using water as the reference sample. Plot the absorbance 

values obtained as ordinates and the corresponding phosphate 

concentrations as abscissas. 

7) Transfer 50 ml of clear sample into an Erlenmeyer flask. 

NOTE: Filter with suction if'suspended matter is present into 

an Erlenmeyer flask. If the sample contains more than 

25 ppm PO&, use a correspondingly smaller sample. 



PHOSPHATE DETERMINATION 

D. PROCEDURE ( ~ o n t  'd) 

8 )  Repeat s t e p s  D-2 through D-6. 

E, CALCULATIONS 

C a l c u l a t e  t h e  c o n c e n t r a t i o n  of phosph,ate, i n  p a r t s  p e r  m i l l i o n ,  

.as f o l l o w s :  

Phosphate, ppm = C 50 
. S 

where : 

C = p a r t s  p e r  m i l l i o n  phosphate i o n  i n d i c a t e d  by t h e  

c a l i b r a t i o n  curve f o r  t h e  determined c o l o r  

a b s o r ' b a n ~ e ~  and 

S = m i l l i l i t e r s  of sample. 



SULFATE DETERMINATION 

Method No. WC-15 

A. SUMMARY OF METHOD 

S u l f a t e  i on i s p r e c i p i  t a t e d  and weighed a s  barium s u l f a t e  

a f t e r  removal of s i l i c a  and o t h e r  inso lub le  matter .  This 

method i s  app l i cab le  t o  samples containing. approximately 20 
- - 

t o  100 ppm of s u l f a t e  ion  (so4 1. It can be oxtended t o  . 

higher  o r  lower ranges by adJus t ing  t h e  sample s i z e .  

B. APPARATUS 

1. Normal l abora to ry  glassware i s  requi red  for: t h i s  york,  

2. Desiccator  - The d e s i c c a t o r  must hold f o u r  porce la in  , .  

c r u c i b l e s . s i m i l a r  t o  F i she r  NO. 8-615. 

3 .  Analyt ical  Balance - It .should be capable t o  weigh t o  t h e  

nea res t  0.1 mg. 

Muffle Furnace To be ab le  t o . h o l d  f o u r  c r u c i b l e s  and 

a l s o  .designed f o r  contfnuous operat ion a t  temperatures up t o  

5. The fol lowing l abora to ry  supp l i e s  a re ,needed:  

a,. Porcelaf n  c r u c i b l e  

b. Hot p l a t e  



. REAGENTS AND MATERIALS 

- " 

1. Reagent grade chemicals s h a l l  be used t o  prepare reagents .  

Unless' otherwise ind ica ted ,  a l l  reagents  s h a l l  conform t o  t h e  

s p e c i f i c a t i o n s  of t h e  Committee on Analyt ical  Reagents of t h e  

American Chemical 'Socie ty .  Other reagents  may be used, .pro-  

vided they  a r e  of s u f f i c i e n t  p u r i t y  t o  g ive  t h e  same accuracy. 

2. P u r i t y  of Water - A l l  water used i n  preparing t h e  reagents  

and i n  d i l u t i n g  t h e  samples s h a l l  be demineralized water and 

confo.rm t o  t h e  s p e c i f i c a t i o n  f o r  Reagent Water (ASTM ~ e s i g n a -  

3 14,8N Ammonium Hydroxide - Concentrated ammonium hydroxide 

( N-H40H 0 

4. Barium-Chloride Solut ion - Dissolve 118 g of barium 

ch lo r ide  ( ~ a  C 1 2  . 2H20) i n  water and d i l u t e  t o  1 l i t e r .  

5. (1-9) Hydrochloric Acid - Mix 1 volume of concentrated 

hyd?ochloria ac id  ( H C ~ )  with 9 volumqs of water. 

6. . (48%) Wydrofluoric Acid - Concentrated hydrof luor ic  ac id  

(HI?), 

Methyl Orange I n d i c a t o r  - Dissolxe 0.05 gm of methyl 

orange i n  100 m l  of water. 

8. 15.7N N i t r i c  Acid - Concentrated n i t r i c  ac id  ( H N O ~ ) .  



. . 

SULFATE DETERMINATION. 

C. REAGENTS AND MATERIALS ( ~ o n t ~ )  

9. P i c r i  c  Acid - Satura ted  aqueous . .solution. 

10. S i l v e r  N i t r a t e  Solu t ion  . - .Dissolve  10  g m  of s i l v e r  

n i t r a t e  , ( & N o 3 )  i n  water and d i l u t e  t o  100 m l .  

11. 3,6N S u l f u r i c  Acid - Concentrated. s u l f u r i c  ac id  ( H ~ s o ~ ) .  

D,  PROCEDURE 

1. F i l t e r  t h e  sample us ing  a  f i n e  f i l t e r  paper. 

2,  Measur& i n t o  a  c lean  beaker a  q u a n t i t y  of t h e  c l e a r  f i l t e r  

sample conta in ing  s u l f a t e  ion  equiva lent  t o  10  t o  50 mg of 

barium s u l f a t e  [ B ~ S O ~ ) .  

NOTE: . ~ d j u s t  t h e  volume by evaporation o r  d i l u t i o n  w i  t h  

water t o  app~ox imate ly  200 m l .  

3. Add a few drops of methyl orange and a d j u s t  t h e  a c i d i t y  of 

t h e  sample by adding (1-9) hydrochloric  ac id  ( H C ~ )  u n t i l  t h e  

red end-point i s reached. 

4. Add 1 0 . d  of. (1-9) h y d r o c h l . o ~ i c  ac id  HC1  i n  excess .  

5. A& 10  m l  of s a t u r a t e d  p i c r i c  ac id  s o l u t i o n  and b o i l  t h e  

sample f o r  5 minutes, 

MOTE:: F a s t e r  parjecipitation and a  coarse p r e c i p i t a t e  i s  

obtained when us ing  s a t u r a t e d  p i c r i c , a c % d .  

-141~ 



SULFATE DETEFO'IINATION 

D o  PROCEDURE (Contgd)  

6.  After  b o i l i n g  t h e  sample f &  6 minutes slowly add 5 m l  of 
. . 

ho t  - 'barium ch lo r ide  (Bac12) so lu t ion .  

NOTE: S t i r  t h e  sample vigorously while adding t h e  ( ~ a ~ 1 ~ )  

s o l u t f  on. 

CAUTION.; Keep t h e  temperature j u s t  below b o i l i n g  u n t i l  

. the  l i q u i d  has  become cl .ear and t h e  p r e c i p i t a t e  has  

s e t t l e d  out completely. 

7 .  F i l t e r  t h e  suspension of barium s u l f a t e  ( B ~ s o ~ )  on a  f i n e ,  

a s h l e s s  f i l t e r  paper, and wash' t h e  p r e c i p i t a t e  with ho t  water 

u n t l l  t h e  washings a r e  s u b s t a n t i a l l y  f r e e  of ch lo r ides ,  a s  

i n d i c a t e d  by t e s t i n g  the  l a s t  por t ion  of t h e  washings with 

&NO3 so lu t ion .  

MOTE.: Discontinue washing when no more than a  f a i n t  

opalescence i s  produced: .in t h e  t e s t .  

8. place . . t h e  f i l t e r  paper and contents  i n  a  t a r e d  porce la in  
. . 

c ruc fb le  . 
9.  Place : t h e  c r u c i b l e  on t h e  door of t h e  muffle furnace,  I 

char  and consume t h e  pager slow.ly without flaming. . .  
1 

10. I g n i t e  t h e  res idue  a t  8 0 0 ' ~  f o r  1 hour, o r  u n t i l  i t  i s  

apparent t h a t  a l l  carbon has been consumed. 



SULFATE DETERbrlINATION 

D. PROCEDURE (Cont d  ) 

11. - Cool and add a  drop of concentrated s u l f u r i c  ac id  ( H ~ s o ~ )  

and a few drops of hydroflu 'oric ac id  (HF) .  

12. Place on a  ho t  p l a t e  and evaporate under a  hood t o  expel 

s i l i c a  a s  s i l i c o n  t e t r a f l u o r i d e  ( S ~ F  ), 4 

13, . Reigni te  a t  8 0 0 ~ ~ .  
. . 

. - 

14,  Cool i n  a  d e s i c c a t o r  and weigh t h e  c r u c i b l e  and p r e c i p i t a t e  

( B ~ S O  ) on an a n a l y t i c a l  balance t o  t h e  nea res t  0.1 mg.  
, . 4 

E, CALCULATIONS 

1. Calculate  t h e  concentrat ion of s u l f a t e  ion  (So4--) i n  
. . . .  

p a r t s  per  mi l l ion ,  a s  fol lows:  

s u l f a t e  (SO - - )  ppm - 
. . ' 4  

- . ( w )  (4 i19500)  ,, 
. . , . 

%-* 

Where : - 

W . . . .  = . g r a m s  of BaS04 
. . . . :  . 

. . 

S . . =' . .  mi1l;ili . t e r s  . of sample 
. . . .. . . 

. .  . .  
.' . 



Method No. . ~ ~ - 1 6  

SUMMARY OF METHOD 

, T h i s  method covers  t h e  de t e rmina t ion  .of s o l u b l e  s i l i c a  i n  t h e  

range from 50 t o  1000 ppb. T h i s  method i s  based on t h e  reac-  

t i o n  of s o l u b l e  s i l i c a  w i t h  molybdate i o n  t o  form a  g r e e n i s h -  
I 

yellow complex- which tin t u r n  .is conver ted t o  a  b l u e  complex 
I 
1 by r e d u c t i o n  with.1-amino-2-napthol-4-sulfonic a c i d .  Phos- 

phate  i n t e r f e r e n c e  i s  e l imina t ed  by t h e  use  of o x a l i c  a c i d .  

1 I r o n ,  if p r e s e n t  i n  l a r g e  amounts, a l s o  i n t e r f e r e s .  The con- 

I c e n t r a t i o n  .of s i l i c a  i s  determined by -measuring t h e  'brans- 

mi t t ance  on $he DU Spec'trophotomet.er a t  a  wavelength of 

815 rnM u.sing -1 cm . c e l l s .  

Be .APPARATUS 

. L, Normal l a b o r a t o r y  g lassware  is  r e q u i r e d  f o r  t h i s  work. 

1 ,- 2. 'Spectrophotometer-Beckman DU Spectrophotometer  i s  pre-  
- 

f e r r e d .  

C. REAGENTS AND MATERIALS 
I 
I 

1. P u r i t y  of  Reagents - Reagent g r ade  chemicals  s h a l l  be 

I - used t o  prepared r e a g e n t s .  Unless  o the rwi se  i n d i c a t e d ,  a l l  

r e a g e n t s  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee 

.on A n a l y t i c a l  Reagents of t h e  American Chemical S o c i e t y .  ~ ,a 
I Other  . r e a g e n t s  .may be used,  provided they  . a re  of s u f f i c i e n t  

p u r i t y  t o  gi.ve t h e  same accuracy .  
I 
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SILICA .DETERMINATION 

C .  REAGENTS AiW MATERIALS 

CA'UTION: A l l  r e a g e n t s  should be , s t o r e d  . i n  .polyethylen.e b o t t l e s  1 

I /  

2. P u r i t y  of  Wat.er - A l l '  wa t e r  used . . in  p r epa r ing  . t h e  r e a g e n t s  

and i n  d i l u t i n g  t h e  samples s h a l l  be deminera l ized  wa te r  and 

conform t o '  t h e  S p e c i f i c a t i o n  f o r  Reagent Water ( ~ ~ ~ ~ . ~ e s i g n a -  

3. .Amino-Napthol-Sulfonic Acid - Disso lve  0.5 grams of .l- 

amino-2-Napthol-4-sulfonic a c i d  - i n  50 m l  of a  s o l u t i o n  con- 

t a i n i n g  1 gram.of  sodium s u l f i t e  (Na2s03). A f t e r  d i s s o l v i n g ,  

add t h e  s o l u t i o n  t o  100 m l  of a  s o l u t i o n  c o n t a i n i n g  .30 grams 

of sodium hydrogen s u l f i t e  ( N ~ H S ~ ~ ) .  Make u p  t o  200 mS w i t h  
4 

deminera l ized  wa te r  .and s t o r e  - i n  a  da rk ,  . p l a s t i c  b o t t l e .  

CAUTION: Prepare  a  . f r e s h  s o l u t i o n  eve ry  .two weeks. 

4. , Amonium Molybdate S o l u t i o n  (100 g / l .  ) - Disso lve  1 0  grams 

of ammonium paramolybdate ( N H ~ ) ~  Mo7OP4 - 4H20 i n  1 0 0  m l  

of wate r .  

I 5. EydrochPoric Acid (1:l) - Mix 1 volume of concen t r a t ed  , 

H C 1  w i t h  1 volume of deminera l ized  wate r .  

I 
6. Oxal ic  Acid S o l u t i o n  (100 g / l )  - Disso lve  1 0  grams of oxa-' 

l i c  aci.d (H2c204 . 2H20) i n  1 0 0  m l  of  wa te r .  

7 .  S i l i c a  Standard S o l u t i o n  (1 m l  = 1 rng.S:Op) - Disso lve  --- 
4.732 grams, of sodium m e t a s i l i c a t e  (Na2si  O3 9 ~ ~ 0 )  i n  w a t e r  



SILICA DETERMINATION 

C.  REAGENTS AND MATERIALS ( c o n t l d )  

and d i l u t e  t o  1 - l i k . e r  w i t h  deminera l ized  wate r .  Check t h e  

c o n c e n t r a t i o n  .of t h i s  s o l u t i o n  . g r a v i m e t r i c a l l y .  ( s e e  appendix 

C )  P i p e t t e '  5  m l  of s t anda rd  s i l i c a  s o l u t i o n  . i n t o  a  ,1000 m l  

vo lumet r ic  f l a s k  and d i l u t e  t o  mark wi th  deminera l ized  wate r .  

T h i s  s o l u t i o n  c o n t a i n s  5  ppm Si02  a n d i s  used a s  a  working 

s o l u t i o n .  

1. From t h e  5' ppm .working : s o l u t i o n  p repa re  a  s e r i e s  of  

s t a n d a r d s  by p i p e t t i n g  . a l i q u o t s  o f  1 .0 ,  5.0, 10.0, and .20.0 

m l  int'o po lye thy lene  gradua ted  mixing c y l i n d e r s .  'Azso - p r e -  

p a r e  a  b l ank  k i t h  no s i l i c a  s t anda rd  added. 

NOTE: The s i l i c a  working s o l u t i o n . a l i q u o t s  r e p r e s e n t s  s i-  

l i c a  c o n c e n t r a t i o n  of 0.05, 0.25, 0 . 5  and 1.0 ppm 

r e s p e c t i v e l y .  

2. D i l u t e  .each .,sample t o  t h e  50 m l  mark. 

3 Add 1 m l  of (1-1) hyd roch lo r i c  a c i d  . so lu t&n  and  2 m l  

of ammonium.molybdate s o l u t i o n ,  mix, a l low t o  s t and  e x a c t l y  

.4. Add 1 . 5  m l  of o x a l i x  :acid r eagen t ,  mix .wel l ,  , a l l ow  t o  

s t and  exac ' t ly  1 minute.  



SILICA DETERMINATION 

PROCEDURE . ( ~ o n t  Id)  

5. Add 2 . m l  .of amino-napthol-sul fonic  - a c i d .  Mix ;.well' and 

a l low t o  s t a n d  f o r  1 0  minutes  f o r  f u l l  c o l o r  development. 

6, Read t h e  t ransmi ' t t ance  on t h e  DU Spec t rophotometer ' , a t  

815 .m,/.t.using 1 cm c e l l s .  
- .  

7. .  Secure  a  f r e s h  :sample (sample needed t o  be a n a ~ ~ s e d  f o r  

. s i l i c a  c o n t e n t )  and t r a n s f e r  ,a 50 m l  sample t o  ,a .polyethy-  

l e n e  gradua ted  c y l i n d e r .  

8. Repeat , s t e p s  D-3 ,  D-4  and D-5.  

9 .  'Prepare  a' b l ank  .by u s i n g  ..50 m l  of deminera l ized  ' w a t e r  

and r e p e a t  . s t e p  D-8 .  

10 .  Repeat s t e p  D-6 and o b t a i n  concen t r a t i on  of  s i l i c a  a s  

Si03 d i r e c t l y  from curve  produced on s t e p  E-1. 

1. P l o t  pe rcen t  t r a n s m i t t a n c e  ve r sus  ppb on .semi-1og.paper.  

NOTE: Th i s  p l o t  should be a  s t r a i g h t  l i n e .  



CHROMIUM DETERMINATION 

. 

. . Me'thod No. . WC-17 

SUMMARY OF 'METHOD 

The sample i s  ox id ized  by a c ~ d  t r ea tmen t ,  . fo l lowed by 

.potassium permanganate t r e a t m e n t ?  A c o l o r  i s  developed 

i n  a c i d  s o l u t i o n  w i t h . 1 , 5  d ipheny lca rbaz ide .  T h i s  c o l o r  

( r edd i sh -pu rp l e  complex) i s  measured by means of  a DU- 

spec t rophotometer  , a t  540 u s i n g  .1 cm c e l l s .  

B. . APPARATUS 

1. Normal l a b o r a t o r y  g 1 a s s w a r e . i ~  r e q u i r e d  f o r  t h i s  work. 

2 .  Spectrophotometer  - Beckman DU-Spectrophotometer i s  

p r e f e r r e d .  

C .  REAGE-NTS AND MATERIALS 

1. . R e a g e n t  g r ade  chemicals  s h a l l  be used t o  p repa re  r e a -  
. . 

g e n t s .  .Un le s s  o the rwi se  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  
. . 

conform . t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee .of  Ana- 

l y t i c a l  Reagents of t h e  Amercian Chemical S o c i e t y .  Other  

r e a g e n t s  may be used,  provided they  a r e  of s u f f i c i e n t  

p u r i t y  t o  g i v e  t h e  same accuracy .  

2 .  . P u r i t y  of  Water - A l l  wa t e r  u s e d . i n  p repa r ing  t h e  r e a -  

g e n t s  and i n  d i l u t i n g  t h e  samples s h a l l  be deminera l ized  

wa te r  and conform t o  t h e  s p e c i f i c a t i o n  f o r  Reagent Water 

(ASTM Des igna t ion  D 1193) . .  
-148- 



CHROMIUM :DETERMINATION 

C . REAGENTS AND MATERIALS con t d ) 

3.- (1-1) Ammonium Hydroxide - Mix .l volume of concen t r a t ed  

ammonium hydroxide ( M I 4 0 ~ )  w i t h  1 volume of wate r .  

4 .  .15.7N N i t r i c  Acid - Concentrated (low chromium , c o n t e n t )  

N i t r i c  a c i d .  

NOTE: Reagent grade n i t r i c  a c i d  f r e q u e n t l y  may, c o n t a i n  

s u f f i c i e n t  chromium t o  i n t e r f e r e  i n  t h i s  methbd. It may 

be p u r i f i e d  by d i s t i l l a t i o n  i n  a l l - g l a s s  equipment. 

CAUTION:  Such a  d i s t i l l a t i o n  oft .en may meed t o  be r epea t ed .  

5. Potassium Dichromate , $ ~ a n d a @ d : ~ b l u t i o n  (1 m l  - 0.5,ppm) 

Di s so lve  1 . 4 1  grams of potass ium dischromate  ( K ~ C ~ ~ O ~ )  i n  

w a t e r  and d i l u t e  t o  1 - 1 i t e r . w i t h  wate r .  P i p e t  1 0  m l  of 

t h i s  s o l u t i o n  i n t o  a  . l - l i t e r  vo lumet r ic  f l a s k  and d i l u t e  

t o  . the  1 i t e r . m a r k .  One m i l l i l i t e r  o f  t h i s  f i n a l l y - d i l u t e d  

s o l u t i o n  corresponds  t o  0 . 5  ppm chromium.in a  1 0  m l  sample. 

6 .  . P O ~ ~ S S ~ U ~  Permanganate S o l u t i o n  - Disso lve  3.16 grams 

of potass ium permanganate ( K M ~ O ~ )  i n  w a t e r  and  d i l u t e  t o  

1 - l i t e r  w i th  wa te r .  

.7.  Diphenylcarbazide  S o l u t i o n  - Add 4 . 0  grams of p h t h a l i c  

anhydr ide  t o  80  m l  of e t h a n o l  (95 p e r c e n t )  and shake f o r  

1 o r  2 minutes .  Add 0 . 5  grams of l , 5 -d ipheny lca rbaz ide  

and d i l u t e  t o  100 m l  w i th  e t h a n o l  (95 p e r c e n t ) .  Shake 

o c c a s i o n a l l y  t o  d i s s o l v e  t h e  p h t h a l i c  anhydr ide .  
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C . . REAGENTS AND MATERIALS ( ~ o n t  ' d ) 

CAUTION: Th i s  s o l u t i o n  is  s t a b l e  f o r  abnut  s i x  months 

' .  i f  s t o r e d  i n  a  coo l ,  da rk  p l a c e .  

NOTE : New c a l i b r a t i o n  curves  should be .prepared a t  

l e a s t  monthly. 
. . ,  

8. .12.1N Hydrochlor ic  Acid - Concentrated hyd roch lo r i c  

a c i d  ( H C ~ ) .  
- 

.9. Sodium Dihydrogen Phosphate So lu t ion  - Disso lve  138 

grams of sodium dihydrogen phosphate ( N ~ H ~ P O ~ )  i n  wa te r  

and d i l u t e  t o  1 - l i t e r  .wi th  .wa te r .  

10.  3 6 ~  S u l f u r i c  Acid - Concentrated s u l f u r i c  a c i d  ( ~ ~ ~ 0 4 ) .  

11. (1-49)  S u l f u r i c  Acid - Mix 1 volume of concen t r a t ed  

s u l f u r i c  a c i d  ( H ~ s O ~ )  c a u t i o u s l y  and w i t h  s t i r r i n g ,  w i t h  

.49 volumes of wa te r .  

1 2  ..Wash Acid - Mix 50 m l  .of concen t r a t ed  . n i t r i c  a c i d  

w i t h  150 m l  of concen t r a t ed  hyd roch lo r i c  a c i d  and add 

CAUTION: . A l l  g lassware  shod.ld be r i n s e d  Ln C-12 wash 

. .ac id  s o l u t i o n  and then  . w i t h  wa te r  be fo re  use .  



CHROMIUM DETERMINATION 

D .  PROCEDURE ( c o n t f d )  

1. P i p e t  a c c u r a t e l y  1.0, 2 .0 ,  3.0,  5.0, 8 . 0  and 10 .0 .ml  

of t h e  d i l u t e d  s t anda rd  s o l u t i o n  i n t o  s i x  s epa ra t ed  

Erlenmeyer f l a s k s .  I n t o  a n o t h e r  125  m l  Erlenmeyer ' f l a s k ,  

p i p e t  10 m l  of  wa te r  ' f o r  use i n  p r epa r ing  t h e .  r e f e r e n c e  

s o l u t i o n .  

NOTE: The chromium s t anda rd  s o l u t i o n  a l i q u o t s  r e p r e s e n t  

'chromium c o n c e n t r a t i o n s  of 0.05, 0 .1 ,  0.15, 0.25 0 . 4  and 

O. .5  ppm r e s p e c t i v e l y .  

2. Secure  a  f r e s h  sample ( sample needed t o  be  analyzed 

f o r  chromium c o n t e n t ) .  

NOTE : I f  reduc ing  i m p u r i t i e s  a r e  a b s e n t ,  hexava len t  chro-  

mium may be determined d i r e c t l y  by o m i t t i n g  s t e p s  D-3  

through D-10. Add 13 m l  of (1-49) s u l f u r i c  a c i d  H2S04 

and proceed a s  de sc r ibed  i n  s t e p  D - 1 1 .  . (S tandard  s o l u -  

t i o n  should proceed t o  s t e p  D-11). 

3. Add 5 m l  of  concen t r a t ed  n i t r i c  a c i d  and evapora t e  

J u s t  t o  d rynes s .  
. . 

CAUTION:  . Do n o t  bake.  

4 .  Cool and add s n  a d d i t i o n a l  5 m l  of  concen t r a t ed  n i t r i c  

a c i d ,  fo l lowed by 2 m l  of concen t r a t ed  s u l f u r i c  a c i d  H2S04. 



CHROMIUM ,DETERMINAT J O N  

5. Evaporate  t o  fumes, then h e a t  g e n t l y  ... f o r  1 minute.  

NOTE: I f  t h e  r e s i d u e  i s  d i s c o l o r e d  by o rgan ic  m a t t e r ,  

c a u t i o u s l y  add 2  m l  of concen t r a t ed  H2SO4 60 reduce 

fumes, and r e p e a t  t r e a t m e n t  a s  o f t e n  a s  neces sa ry .  

It may be neces sa ry  t o  add more concen t r a t ed  s u l -  

f u r i c  a c i d  ( ~ ~ ~ 0 4 )  t o  p reven t  t h e  mixture  f r o m  

becoming d r y .  

6. Cool. t h e  s o l u t i o n  and add 17 m l  of  w a t e r  .and n e u t r a -  

l i z e  -wi th  (1-1) ammonium hydroxide NH40H. 

7 .  Add 13 m l  of (1-49)  s u l f u r i c  a c i d  H2S04. S w i r l  and,  

i f  neces sa ry ,  warm t o  ach ieve  s o l u t i o n .  

8 .  F i l t e r  thyough . f i n e  f i l t e r  paper and wash t h e  f ' i l t e r  

t h r e e  t i m e s . w i t h  5 m l  p o r t i o n s  of  wa te r .  F i l t r a t e  and 

washings should be c o l l e c t e d  i n . a  250 m l  beaker .  

9 .  Add 12  drops  of potass ium .permanganate ( K M ~ Q ) ~ )  so-  

l u t i o n .  . P l a c e  on a  h o t  p l a t e  on low h e a t  f o r  2.0 minutes .  

I f  t h e .  p ink  c o l o r  d i s a p p e a r s ,  add a n '  a d d i t i o n a l  -12 drops  

of potass ium permanganate (KMnbg,)solution . I t o  main ta in  

a  s l i g h t  e x c e s s ,  

10.  Add 3 drops  of  concen t r a t ed  hyd roch lo r i c  a c i d  and 



CHROMIUM DETERMINATION 

h e a t  t h e  s o l u t i o n  u n t i l  t h e  c o l o r  of t h e  potass ium 

permanganate (KMn04) . .. d i s a p p e a r s .  

NOTE: . I f  any t u r b i d i t y  o r  p r e c i p i t a t e  i s  . p r e s e n t  a t  

t h i s  p o i n t ,  c l a r i f y  by c e n t r i f u g i n g .  

11. T r a n s f e r  t h e  s o l u t i o n  t o  a 50 m l  vo lumet r ic  f l a s k  

and add 2  m l  of t h e . 1 , 5  d iphenylcarbaz ide  s o l u t i o n .  

Shake f o r  .l o r  2  minutes  and l e t  s t and  f o r  1 minute .  

12 .  . Add 5 .0  m l  of sodium d ihydrogen  phosphate ( N ~ H ~ P O ~ )  

s o l u t i o n  .and l e t  s t and  a t  l e a s t  5 minutes  b u t . n o t  more 

than  30 minutes .  D i l u t e  t o  t h e  50 m l  mark and shake 

f o r  1 o r  .2 minutes .  

13. .Read t h e  pe rcen t  t r a n s m i t t a n c e  on t h e  DU-Spectro- 

photometer  a t  540 mP.(using 1 cm c e l l s .  

NOTE: The spec t rophotometer  should  be balanced a t  100 

p e r c e n t  t r a n s m i t t a n c e  u s i n g . t h e  D - 1  b l ank  wa te r  s o l u -  

t i o n .  

. 1 4 .  The. chromium c o n c e n t r a t i o n  . i n  ppm . i s  r ead  d i r e c t l y  

from t h e  c a l i b r a t i o n  curve produced on . s t e p  E-1. 

E . CALCULATIONS 

1. P l o t  pe rcen t  t r a n s m i t t a n c e  v e r s u s  ppm chromium on 

.semi-log paper  from . s t e p  D - 1 3 .  
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NICKEL ... DETERMINATION 

. . Method No. .wc-18 

SUMMARY OF METHOD 

I 

T h i s  method . i s  based .on : t h e  fo rma t ion  o f  a  wine-red c o l o r  

complex -of n. icke1 w i t h  ,amrnoniacal d i e ~ e t h y l g l y o x i m e  . i n  t h e  

p resence  .of  i o d i n e .  The c o l o r  . is '  measured d i r e c t l y  w i t h  

t h e  DU Spec t ropho tomete r  a t . a  wavelength  of  350 m/rqusing 

a  .l cm c e l l .  

1.. Normal l a b o r a t o r y -  g l a s swa re  i s  r e q u i r e d  f o r  t h i s  work. 

2. Spec t ropho tomete r  - B e c h a n  DU - Spec t ropho tomete r  .is 

p r e f e r r e d .  

C . .  -FIEAGENTS A N D  'MATERIALS . . 

1. Reagent g r ade  chemica l s  s h a l l  be  used t o  p r epa re  r e a -  

g e n t s .  Unless  .o the rwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  con- 

form t o  t h e  s p e c i f i c a t i o n s  o f  t h e  Comrnittee.on A n a l y t i c a l  

Reagents  of  t h e  Ameri'can Chemical S o c i e t y .  Other  r e a g e n t s  

may be used ,  provided t h e y  . a r e  o f  s u f f i c i e n t  . p u r i t y  - t o  

g i v e .  t h e  same . accuracy .  

2. P u r i t y  of Water - A l l  w a t e r  w e d  i n  p r e p a r i n g  t h e  r e a -  

g e n t s  and i n  d i l u t i n g  t h e  samples s h a l l  be  demdnera l ized 

w a t e r  and conform t o  t h e  s p e c i f i c a t i o n  f o r  Reagent Water 

(ASTM Des igna t i on  D 1193). 
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C . . REAGEWX AiW MATERIALS ( ~ o n t  d  ) 

3.  Ammonium C i t r a b e  S o l u t i o n  - Disso lve  500 grams of c i t r i c  

a c i d  monohydrate : i n  675 m l  .of concen t r a t ed  ammonium hydro- 

xYde ( N H ~ O H ) ,  coo'l, and d i l u t e  t o  1 - l i t e r  -wi th  wate r .  

.NOTE.: ~ i l t e r  . s o l u t i o n  through :a f i n e  f i l t e r  paper  b e f o r e  

u s i n g  t h e  s o l u t i o n .  

4. (1 -1)  Ammonium Hydroxide -. Mix 1 volume of ' concen t ra ted  

ammonium hydroxide ( N H ~ ~ H )  w i t h  1 volume of wa te r .  

NOTE: F i l t e r  s o l u t i o n  through .a  f i n e  f i l t e ' r  paper  b e f o r e  

u s i n g  t h e  s o l u t i o n .  

5. Dimethylglyoxime Ammoniacal S o l u t i o n  - . D i s s o l v e  1 gram 

of dimethylglyoxime i n  500 m l  concen t r a t ed  .ammonium hydro- 

,x ide ,  and d i l u t e d  t o  1 - l i t e r  .wi th  wate r .  

CA'UTION: P repare  f r e s h  , a f  b e r  ..two - weeks. 

NOTE : F i l t e r  s o l u t i o n  same a s  C - 3  a n d  C-4 r e a g e n t s .  

6 .  I od ine  S o l u t i o n  (12.7  g / l )  - Disso lve  6.35 grams of 

i o d i n e  i n  a s o l u t i o n  of 75 grams of pota,ssium : iod ide  ( K I )  

i n  60 m l  of wa te r  and d i l u t e  t o  500 m l  w i th  wate r .  

CAUTION: S t o r e  so lu- t ion  i n  a s toppered  d a r k  b o t t l e .  

7. Nickel  S o l u t i o n  (1 m l  = ' 0 . 0 2  mg ~ i )  - Disso lve  1 .000  

gram-of  n i c k e l  (99 ,g  p e r  c e n t  ~ i )  i n  1 0  m l  of warm con- 

c e n t r a t e d  n i t r i c  a c i d  ( H N O ~ - )  B o i l  t o  expe l  n i t r o u s  ox ide  

fumes' and d i l u t e  t o  500 m l  i n  a  vo lumet r ic  f l a s k .  D i l u t e  



.NICKEL DETERMINATION . 

C .  .REAGENTS AND MATERIALS ( ~ o n t ' d )  

50 m l  t o  1000 m l . i n  a  vo lumet r ic  f l a s k ,  and f i n a l l y  

d i l u t e  50 m l  of t h i s  s o l u t i o n  t o  250 m l  i n  a  vo lumet r ic  

f l a s k .  

1. From t h e  n i c k e l  s o l u t i o n  C-7 prepare  a s e r i e s  of 

s t a n d a r d s  by p i p e t t i n g  , a l i q u o t s  of 1 .0 ,  . 2 .0 ,  5.0,  

10 .0  .and 25.0 m l  i n t o  100 m l  vo lumet r ic ,  f l a s k s .  ,A l so  

p repa re  a  b l ank  w i t h  no n i c k e l  s tandard . . added .  

NOTE: The n i c k e l  s t anda rd  so1,ution a l i q u o t s  r e p r e -  

' .  s e n t  n i c k e l  c o n c e n t r a t i o n s  o f  0 .4 ,  0.8, 2.0,  

4 .0  .and 10 .0  ppm : r e s p e c t i v e l y .  The b l ank  r e -  

p r e s e n t s  0 .0  ppm n i c k e l .  
. . 

. 2 .  Add wa te r  t o  make a  volume. of  50 m l .  
i 

3. .Add .10  m l  0.f ammonium c i t r a t e  s o l u t i o n  and 5 m l  

of i o d i n e  s o l u t i o n  t o  each vo lumet r ic  f l a s k .  

4. .Add 20 m l  of  ammoniacal dimethylglyoxime s o l u t i o n  

and di1.ut.e t o  100  m l  wi th  wa te r .  

5. Mix .wel l  .:and a l low t o  s t a n d  f o r  . l 0  minutes  f o r  

f u l l  c o l o r  development. 

6. Read t h e  t r a n s m i t t a n c e  .on t h e  DU Spectrophotometer  

a t  530 m& u s i n g  .1 cm c e l l s .  
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N0,TE:: .The spectrophot.ometer  .should be balanced to .  100 

p e r  c e n t  t r a n s m i t t a n c e  u s i n g  t h e  D-1  b l ank  . so lu-  

bion.  

7 S e c u r e  a  f r e s h  sample (sample needed ' t o  be analyzed 

f o r  n i c k e l  c o n t e n t )  and t r a n s f e r  two 50 m l  p o r t i o n s  of  t h e  

t h e  sample i n t o  s e p a r a t e  100 m l  vo lumet r ic  f l a s k s .  

8. . Repeat . s t e p  D - 3  f o r  bo th  f l a s k s .  

9 .  To one . o f  t h e  f l a s k s  r e p e a t  . s t e p  D-4 and .D-5.  

10;. To t h e  ,second f l a s k  .add 20 m l  of  (1 -1)  ammonium hy- 

d rox ide  ( N H ~ O H )  and d i l u t e  t o  100 m l  w i t h  w a t e r  and r e -  

p e a t  s t e p  D-5. ' 

NOTE: Use t h i s  s o l u t i o n  a s  t h e  b lank  s o l u t i o n .  

11. Repeat . s t e p  D-6, 

'NOTE: .Read D-9 : s o l u t i o n  .and use  D-10 s o l u t i o n  . a s  ' t he  

b l ank  s o l u t i o n .  

. 12 .  The . n f  cke l ' , cor?cen t ra . t ion  i n  ppm i s  read  d i r e c t l y  

.from . t he  . ca l ib r a t . i on  curve produced on sbep  E-1. 

l., P l o t  t r a n s m i t t a n c e  ve r sus  ppm n i c k e l  on .semi.-log 

,paper  from s t e p  D-6. 

NOTE: Thfs  p l o t  should  be a . s t r a i g h t  l i n e .  
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a, SECTION V 

This  s e c t i o n  i s  a  c o l l e c t i o n  of rad iochemica l  procedures  f o r  

de te rmin ing  t h e  a c t i v i t y  of s e l e c t e d  r a d i o i s o t o p e s .  The method 

s p e c i f i e d  f o r  each i s o t o p e  was chosen on t h e  s i m p l i c i t y  of  t h e  

chemical  o p e r a t i o n s  invo lved ,  t h e  time r equ i r ed  f o r  complet ion,  

and t h e  r e q u i r e d  degree  o f  decontaminat ion from o t h e r  radi.0- 

i s o t o p e s  expected t o  be  p r e s e n t ,  based on t h e  d i s t r i b u t i o n  of 

a c t i v i t y  r e l e a s e d  from U02 f u e l  e lements  t o  t h e  c o o l a n t .  

The manipu la t ions  and techniques  of r ad iochemis t ry , and  ana ly -  

t i c a l  chemis t ry  a r e  s i m i l a r  excep t  f o r  t h e  f i n a l  de t e rmina t ion .  

I n  a n a l y t i c a l  chemis t ry  a n a l y s i s  t h e  element i s  i d e n t i f i e d  by 

weight  of p r e c i p i t a t e ,  t i t r a t i o n  o r  t r ansmis s ion  o r  a b s o r p t i o n  

o f  1i.ght.. I n  a  rad iochemica l  ana1ys.i.s t h e  unknown i s  i s o l a t e d  

by performing .a s e r i e s  of  chemical  s e p a r a t i o n s  t h a t  a r e  s p e c i -  

f i c  f o r  t h e  r a d i o n u c l i d e  t o  assayed .  . 'The re fo re  t h e  unknown i n  

radiochemi.ca1 a n a l y s i s  i s  determined by t h e  energy  and d i s -  

. i n t e g r a t i o n  r a t e  of i t s  r a d i a t i o n .  



IODINE 

Method No. RC-1  

A .  Summary o f  Method --- 

The i o d i n e  i s o t o p e s  a r e  s epa ra t ed  from t h e  mixed f i s s i o n  

produc t  mixture  by o x i d i z i n g  t o  I w i t h . n i t r a t e  and 2  
e x t r a c t i n g  i n t o  carbon t e t r a c h l o r i d e  ( c c ~ ~ ) .  The i o d i n e  

i s  reduced t o  i bd ide  and e x t r a c t e d  i n t o  s u l f u r o u s  a c i d  

s o l u t i o n .  This  o x i d a t i o n  and r e d u c t i o n  i s  r epea t ed  once 

a g a i n  a n d  t h e  i od ide  p r e c i p i t a t e d  a s  p a l l a d i u m  i o d i d e  

( P ~ I ~ )  f o r  weighing and de te rmin ing  t o t a l  de s in t eg rada  t i o n  

r a t e  o f  :I-,131 and 1-133. 

B. Apparatus, 

1) Norm.al. l a b o r a t o r y  glassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 )  G:J.ass F i b e r  : F i l t e r  -..I i n c h  d iameter  x  0 . 0 1  inches  -- 
th . ick sh.ou1.d. be used. Any s i m i l a r  - f i l t e r  w i l l  be 

s u i t a b l e  provided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequate-  

l y  and main ta ins  c o n s t a n t  weight t o  - + 0 .01  m g  du r ing  

f i.l.tx3at;:iun a.nd d ry ing .  

3) F i l t e r  Holder - The f i l t e r  h o l d e r  must hold  t he  1 inch  

f i l t e r s  r i g i d l y  i n  p l a c e  d u r i n g  f i l t r a t i o n .  

NOTE:: Care should be t aken  t o  c l e a n  t h e  h o l d e r  

th.oroughly between f i l t r a . t i o n s  t o  p reven t  cross-contami-  

n.a t ion.. 



4 )  Des icca tor  - - .The d e s i c c a t o r  must hold fou r .  1 Tnch & i a -  

meter f i l t e r s  s i m i l a r  :to F i s h e r  No. 8-615. 

5 )  - Oven - Oven should be g r a v i t y  convect ion type and be 

a b l e  t o  supply uniform hea t  a t  1 1 0 ~ ~ . : . t o , . a . +  . - o.. '~?c.  

 i is her No. 13-244-1- o r  e q u i v a l e n t ) .  

6 )  Gamma-Ray Spectrometer  - a  sodium iod ide  s c i n t i l l a t i o n  

detector assembly connected t o  t h e  a p p r o p r i a t e  a m p l i f i e r  

and pu l se  he igh t  ana lyze r  . 
7) A n a l y t i c a l  Balance - It should be capable  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg. 

8 )  The fo l lowing  a d d i t i o n a l  s u p p l i e s  a r e  needed: 

a )  1 each sepa ra to ry  funne l ,  1000 m l  Squibb type  

b )  2 each sepa ra to ry  funne l ,  125 m l  Squibb type  

c )  1 each  50 m l  beaker 

d )  1 each  10 m l  graduated c y l i n d e r  

e )  1 each , ;meta l /p las t ic  s p a t u l a .  

C .  ~ e a g e n t s  .and M a t e r i a l s  

1) P u r i t y  - of Reagents - Reagent grade chemicals  s h a l l  be 

used t o  p repa re  r eagen t s .  Unless  o therwise  i n d i c a t e d ,  a l l  

r e a g e n t s  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  of  t h e  

Committee on .Ana ly t i ca1  Reagents of t h e  American Chemical 

Soc ie ty .  Other  r eagen t s  may be used, provided they  a r e  

of  s u f f i c i e n t  p u r i t y  t o  g ive  t h e  same accuracy.  



2 )  P u r i t y .  o f '  W.ater ,-. A l i  w a t e r  u s e d .  i n  p r epa r ing  t h e  

r e a g e n t s  a n d . i n  s t a n d a r d i z a t i o n  of t h e s e  r eagen t s  

s h a l l  'be- demine'ral ized w a t e r  and conform t o  t h e  Spec i -  

f i c a t i o n  f o r  Reagent Water (ASTM Des igna t ion  ~ 1 1 9 3 ) .  

3)  E t h y l  Alcohol - E i t h e r  CP e t h y l  a l c o h o l  o r  dena tured  

e t h y l  a l c o h o l  (dena tured  accord ing  t o  formula No. 30, 

Regula t ion  No. 3 and i t s  appendix3 U .  S .  Bureau of 

I n t e r n a l  ~ e v e n u e )  s h a l l  'be used .  

4 )  2M Sodi.um Carbonate - . D i s s o l v e  2 1  gms sodium carbona te  

( N ~ ~ c o ~ )  i n  100 m l  w a t e r .  

NOTE: Heat  t o  g e t  complete d i s s o l u t i o n .  

5 )  1 M  Hydroxylamine Hydrochlor ide  - Disso lve  7  gms hydroxy- 

lamine hyd roch lo r ide  ( N H ~ O H . B C ~ )  i n  100 m l  w a t e r .  

NOTE: S t o r e  i n  . c o o l  p l a c e .  

6 )  lNNftpic Acid,  (HNO?) - Measure 64  m l  of 15.V n i t r i c  

a c i d  ( H N O ~ )  and d i l u t e  t o  1 l i t e r  w i t h  wa te r .  

7 )  0.1M ~ a i l a d i . u r n  gh ior l .de  - :Di.ssolve 21.4 gms of pal ladium 

c h l o r i d e  ( ~ d ~ l ~  - 2 ~ ~ 0 )  and d i l u t e  t o  1 l i t e r  w i t h  

wa te r .  

8) Iod ine  C a r r i e r  10 mg/ml - See S e c t i o n  I1 on s t a n d a r d i -  

za t i .on of c a r r i e r .  

9 )  The a d d i t i o n a l  c.hemicals a r e  needed: 

a )  Car'bon T e t r a c h l o r i d e  ( c c ~ ~ )  ' 

b )  Su l furouo  A c i d  ( H ~ s o ~ )  

c )  Sodium n i t r i t e  ( N ~ N O ~ )  ( s o l i d )  

d  ) Sodiam hypoch lo r i  t e  (5%) 



1 0 )  1 5 . 7 . N  N i t r i c  Acid - Concentrated n i t i r c  a c i d  ( H N O ~ )  

1) To t h e  sample of  t he  pr imary coo lan t ,  add 2  . m l  . o f  

s t anda rd i zed  i o d i n e  c a r r i e r .  

2 )  Add 50 m l o f  2M sodium carbona te  (IVa2C03) a n d 1 0 m l  

. o f  5% sodium hypoch lo r i t e .  Heat t o  b o i l i n g  and c o o l ,  

NOTE: It i s  no t  necessary  t o  h e a t  t o  b o i l i n g  t o  ge t  

complete i s o t o p i c  exchange. 

3) T r a n s f e r  t o  a  ,100O.ml s e p a r a t o r y  funne l  and add .25 :ml  

of carbon t e t r a c h l o r i d e  ( ~ ~ 1 4 ) .  

4 )  Acid i fy  by d r o p w i s e . a d d i t i o n . o f  cone , n i t r i c  a c i d  (HNO ) .  3 
5) Add 15. m l  of  1 M  hydroxylamine hydrochlor ide  ( N H 2 0 ~ - ~ c 1 )  

,and shake s e p a r a t o r y  funne l  u n t i l  t h e  brown c o l o r  

l e a v e s  t h e  aqueous l a y e r .  (As shown by b lue  c o l o r . i n  t h e  

( C C 1 4 )  phase)  

Caution:  Rel ieve gas  wh-ich i.s b u i l t  up du r ing  t h e  shaking 

o p e r a t i o n  (wi th  s toppe r  i n s e r t e d  . i n  s epa ra to ry  funne l ,  

t u r n  over  and open s topcock) ,  

6 )  I f  no c o l o r  appears  i.n e i t h e r  phase,  r e p e a t  s t e p  4  u n t i l  

blue.-,yzurple col.or appears  i n  t he  C C 1  .phase .  (Shake 4. 
s e p a r a t o r y  d u r i n g  t h i s  o p e r a t i o n ) .  

7) T r a n s f e r  t h e  carbon t e t r a c h l o r i d e  ( c c ~ ~ )  l a y e r  t o  a c l e a n  

125 m l  s e p a r a t o r y  f l a s k  and wash t h e  o r i g i n a l  aqueous 

l a y e r  twice  more w i t h  carbon t e t r a c h l o r i d e  ( c c ~ ~ )  and 



combine a l l .  e x t r a c t s  i n  t h e  125 m l  s e p a r a t o r y  f l a s k .  

Note : Discard t h e  aqueous l a y e r .  a s  r a d i o a c t i v e  was te .  

Add 4 m l  1N n i t r i c  a c i d  (HN03) t o  t h e  combined c a r b o n  t e t r a -  

c h l o r i d e  (cC14) washes from s t e p  D 7 .  

Shake and t r a n s f e r  aqueous l a y e r  t o  a  c l e a n  s e p a r a t o r y .  

Wash t h e  carbon. t e t r a c h l o r i d e  phase twice  more w i t h  t h e  

HN03-H2S03 a s  s t a t e d  i n  s t e p  D 8 .  

Repeat s t e p  D9 and combine wa'shes f r o m  . s t e p s  ~9 and.  D10. 

Note: Discard  t h e  o rgan ic  ( c c ~ ~ )  l a y e r .  

Add approximately  5 ml. of  carbon t e t r a c h l o r i d e  ( c c ~ )  4 t o  

t h e  aqueous. l a y e r  and c a u t i o u s l y  add s o l i d  sodium n i t r i t e  

- ( N ~ N o ~ )  by u s ing  a  s p a t u l a  and shake s e p a r a t o r y  funne l  
.-.. .. . .. 

u n t i l  t h e  brown c o l o r  l e a v e s  t h e  aqueous l a y e r .  (As 

shown by b lue  c o l o r  i n  t h e  o rgan ic  ( ~ ~ 1 4 )  p h a s e . )  

Caut ion:  Re l i eve  gas  which i s  b u i l t  up d u r i n g  t h g  shak ing  

o p e r a t i o n ,  

I f  no c o l o r  appea r s  i n  e i t h e r  phase ,  r e p e a t  s t e p  Dl2 u n t i l  

b lue  c o 1 . 0 ~  appea r s  i n  t h e  o r g a n i c .  phase .  (Shake s e p a r a t o r y  

d u r i n g  t h i s  o p e r a t i o n ) .  

Repeat s t e p  D 7  and d i s c a r d  t h e  aqueous l a y e r .  

Add 5 drops  1M ni . t r i , c  a c i d  ( K N ~ ~ ) ,  4 ml water  and 1 m l  

s u l f u r o u s  a c i d  ( H  SO ) t o  t h e  combined, CC14 l a y e r s  from 
2 3 

s t e p  D14. 



16)  Shake acd t r a n s f e r  t h e  aqueous la.yer t o  a  c lean.  5O.ml 

beaker.  

17)  Wash the  carbon t e t r a c h l o r i d e  phase twice more wi th  the  

same mixture a s  s t a t e d  i n  s t e p  D15. 

18) Repeat s t e p  ~ 1 0  and combine washes from s t e p s  ~ 1 6 7  and Dl7 

i n  a  c l e a n  50 m l  b raker .  

Note: Discard t h e  o rgan ic  ( c c ~ ~ )  l a y e r .  

19 )  Heat t he  combined aqueous s o l u t i o n  t o  b o i l i n g  u n t i l  a l l  

excess  SO2 i s  d r iven .  o f f  ( a t  1.eas.t 2  minu tes ) .  

20) Add about 2  m l  pal ladium c h l o r i d e  (pdc12) s o l u t i o n  t o  

p r e c i p i t a t e  pal ladium i o d i d e  (pd12) . 
21.) Digest  t he  p r e c i p i t a t e  on a  hot  p l a t e  f o r  5 minutes.  

22) F i l t e r  wi th  s u c t i o n  the  p r e c i p i t a t e  onto a  weighed g l a s s  

' f i ' ber  f i l t e r  p laced  i n  the  f i l t e r  ho lde r .  

23) Rinse the  beaker wi th  e t h y l  a l coho l  and pour the  r i n s i n g s  

through t h e  f i l t e r .  

24) Wash the  p r e c i p i t a t e  w i t h .  approximately.  10 m l  e t h y l  a l coho l  

and 10 ml' of d i e t h y l  e t h e r .  

25) Place the  f i l t e r  con ta in ing  the  p r e c i p i t a t e  i n  an oven, and 

d r y -  a t  110~ C f o r  1.0-15 minutes.  Cool i n  a  d e s i c c a t o r  f o r  

. . 
10 - 1.5 minutes .  

26) weigh'  t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  balance 

t o  the  n e a r e s t  0 . 1  mg,,. 
, . 

27) Sub t rac t  the  t a r e  weight 6f t he  f i l t e r  t o  o b t a i n  the  weight 

of t h e  p r e c i p i t a t e .  . .  



D,  .PRCCEDYRE ( ~ o n t ' d )  

28) .Mount t he  f i l t e r  on a  s u i t a b l e  h o l d e r .  

Note: S u i t a b l e  holders .  a r e  desc r ibed .  by Overman .and Clark  

29) With a  gamma-ray spectrometer ,  rad ioassay  the . ,  . p r e c i p i t a t e .  I 

E . .  Ca lcu la t ions  - 

Only the  8 . 0 5  day h a l f - l i f e  1-13 and t h e  21 hour h a l f - l i f e  

1-133 a r e  t o  be s t u d i e d .  Both a r e  Beta and ,C;amma e m i t t e r s  and 

may be determined by s e l e c t i v e l y  count ing  e i t h e r  r a y .  Gamma- 

ray  count ing i s  p r e f e r r e d  and should be used.  

1) P l o t  t h e  gamma spectrum. 

2 )  Determine t h e  d i s i n t e g r a t i o n  r a t e  of  t he  21 h r  I,-133 by 

de te rmin ing  t h e  a rea  under t h e  0 . 5 3  ,Mev photopeak, 

3) Determine t h e  d i s i n t e g r a t i o n  , r a t e  of t he  8 .05  day 1-131 by 

de te rmin ing  t h e  a r e a  under t h e  0.364, Mev pbotopeak. 

Note: A minimum wa i t ing  pe r iod  of 24 hours . a f t e r  s e p a r a t i o n  

shou1.d be used f o r  de termin9ng.. i-131. 

4) Repeat count ing t h e  sample 24 hours  a , f t e r  p u r i f i c a t i o n .  and 

r e p e a t  s t e p s  E l ,  E2 and. E3. 

5 )  Repeat count ing t h e  sample 3 days l a t e r  and r e p e a t  s t e p s  E l ,  

. E2 and E3. 

6 )  P l o t  a  decay curve on semilog paper  of t h e  count r a t e  vs time 

on both t h e  0.53..Mev 1-133 and 0 . 3 6 4 , ~ e . v  1-13 photopeaks.  

' n ,. ., ..a , . ,. , . .. , ~6 5.4.. ,., a , . .* . - : . , . . ,., , ,. ,> . , . , -3  .: . . . r p, ,'I : -.T . ?', '' , .T ': 
5 ,  / .  
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IODINE METHOD 
1 , . -  

t 

E. CALCTJLATIONS -- (Con% d ) 

7. The d i s i ~ t e g r a t i o n  r a t e  of Iod ine  131 and 133 i s  ca l cu -  

l a t e d  u s i n g  t h e  equatj-on: 

dpm-ml = 

Where : 
. . 

. C  = Counts p e r  .minute f o r  . l od ine  131 and 133 each,  c o r r e c t e d  

f o r  background counts  and e x t r a p o l a t e d  back t o  sampling 

E = Couating e f f i c i e n c y  

NOTE : This  f a c t o r  should  i n c l u d e  t he  f rac t i .ona1 abundance 

of t h e  gamma :ray .and t h e  photopeak de t ec t . i on  e f f i -  

F~ 
= .F~act:i.ona:l. chemical  y i $ l d  f o r  t h e  . s e p a r a t i o n .  

P 
V = Volume of sample i n  v&. 



MANGANESE 

Method No. RC-2 

A .  Summary of Method 

~ a n ~ a n e s e  i s  s e p a r a t e d  f r o m ,  t h e  mixed f i s s i o n  product  mixture  

and p r e c i p i t a t e d  a s  manganese d i o x i d e .  The p r e c i p i t a t e  i s  

mo.unted and cocnted w i t h  a  gamma-ray spe 'ctrometer  f o r  manganese - 

... 54 and 56. The a p p r o p r i a t e  c o r r e c t i o n s  a r e  made f o r  chemical  

- y i e l d s  and r a d i o a c t i v e  decay d u r i n g  a n a l y s i s .  

1) Normal l a b o r a t o r y  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 )  Glass  F i b e r  -- F i l t e r  - 1 i n c h  d iamete r  x  0 , 0 1  i nches  t h i c k  

should  'be used .  Any s : imi l a r  f i l t e r . w i l 1  be s u i t a b l e  provided 

i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa te ly  and ma in t a in s  

c o n s t a n t  weight  t o  f 0 .1  mg du r ing  f i l t r a t i o n  and d ry ing .  

3 )  F i l t e r  --- Holder  -. The f i l t e n  b o l d e r  must ho ld  'the 1 inch  

f i l t e r s  ~ S g i d l y  i n  p l a c e  du r ing  f i l t r a t i o n .  

NOTE: Care shou.ld 'be .taken t o  c l e a n  t h e  h o l d e r  thoroughly 

between f i l t r a t i o n s  t o  p reven t  c ross -con tamina t ion .  

4 )  D e s i c c a t o r  - The d e s i c c a t o r  m a t  ho ld  f o u r  1 inch  d i ame te r  

f i l t e r s  s i m i l a r  t o  F i s h e r  No. 8-615. 

5) Oven - Oven s h o u l d , b e  g r a v i t y  convec t ion  type  and be a b l e  t o  

supply  uniform h e a t  a t  1 1 0 ~ ~  t o  a  0 . 5 ~ c .  F i s h e r  No. 13- 

244-1 o r  eqi? i .valent)  . 
6 )  -- A n a l y t i c a l  Balance -- -, It should  be capab le  t o  weigh t o  t h e  

n e a r e s t  0 .1  mg. 



7)  Gamma-Ray Spectrometer  - A sodium i o d i d e  s c i n t i l l a t ' i o n  

d e t e c t o r  assembly connected.  t o  t h e  a p p r o p r i a t e  a m p l i f i e r  

and p u l s e  h e i g h t  a n a l y z e r .  

8 )  The fo l l owing  a d d i t i o n a l  s u p p l i e s  a r e .  needed: 

a )  Cen t r i fuge  cones, 50 m l  

b )  ' Pipe t tes - ,  1 rnl  

c )  ~ o t p l a t e  

d )  Erlenmeyer f l a s k , ,  125 r n l  

e )  Graduated c y l i n d e r ,  100 m l  

C .  . Reagents and M a t e r i a l s  --. 

1) P u r i t y  o f  Reagents - Reagent grade chemicals  s h a l l  be used 

t o  p repa re  r e a g e n t s .  Unless  o the rwi se  i n d i c a t e d ,  a l l  

r e a g e n t s  s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  8 f  t h e  Committee 

on A n a l y t i c a l  Reagents of t h e  American Chemical S o c i e t y .  

Other  r e a g e n t s  may be used, provided they  a r e  o f  s u f f i c i e n t  

p u r i t y  t o  g ive  t h e  same accuracy .  

2 )  P u r i t y  of  Water - A l l  wa te r  used i n  p r e p a r i n g  t h e  r e a g e n t s  

:and. i n  s t a n d a r d i z a t i o n  of.: t h e s e  r e a g e n t s  s h a l l  be deminera- 

l i z e d  wa te r  and ,conform t o  t h e  S p e c i f i c a t i o n  f o r  Reagent 

Water ( A S T M  Designation ~ 1 1 . 9 3 )  . 
3) E t h y l  Alcohol - . E i t h e r  CP e t h y l  a l c o h o l  o r  dena tured  e t h y l  

a l c o h o l  (dena tu red  . accord ing  t o  formula No. 30, Regula t ion  

No. 3 and i . t o  appendix,  'U. S. Bureau of I n t e r n a l  ~ e v e n u e )  

, . .  . . . 
. . ! .  , , _  . .* . ... s h a l l  be used f o r  this "methad e .  ,: .. ,,. ' . . 

. . >  - .  * 
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4 )  .S tandard ized  .Manganese C a r r i e r  - see  s e c t i o n  .on 

s t a n d a r d i z a t i o n .  09 c a r r i e r s .  

5 )  Chromium C a r r i e r  (10 mg/ml) - Disso lve  2.8 gmss o f  potassium 

dichromqte ( K ~ c ~ ~ o ~ )  and d i l u t e  w i t h :  100 m l  o f  wate r .  

6 )  Cobal t  C a r r i e r  (10 mg/ml) - . D i s s o l v e  4 gms c o b a l t  c h l o r i d e  

(CO~l2-6H@) and d i l u t e  w i t h 1 0  m1,12N - hydrochlor ic  a c i d  

a n d . 9 0  m l  o f  wate r .  

7 )  Tungten C a r r i e r  ' ( l o  mg/ml) - D i s s o l v e  1.8 gms sodium 

t u n g s t a t e  ( N ~ ~ w o ~ - ~ H ~ o )  and d i l u t e d  w i t h  100 ml wate r .  

8)  S a t u r a t e d  Sodium Bromate S o l u t i o n  - Disso lve  40 g m s  o f .  

sodium 'bromate i n  100 ,  m l .  wa te r .  

9 )  The f o l l o w i n g ; a d d i t i o n a l  chemicals a r e  needed: 

1) 30% Hydrogen peroxide ( ~ ~ 0 2 )  

2 )  Die thy1  e t h e r ,  

D; Procedure - 
. 1 )  Measure 100 1111 o f  f i l t e r e d  pr4mary coo lan t  i n t o  a  ,125 m l  

Erlenmeyer f l a s k  and add 2  m l  of  s t anda rd i zed  manganese 

c a r r i e r  and 5 d r o p s  each o f  - 1 m l  o f  chromium and. c o b a l t  

c a r r i e r s .  Add. 1 m l  o f  Tungsten c a r r i e r . . '  

2 )  Add 5 m l  conc. (15 ,  v) n i t r i c  a c i d  (.HNO ) and evapora te  3. 
t o  approximately  5 m l  on t h e  ho t  p l a t e .  



3)  Trans fe r  to  a  cen t r i fuge  tube using a s  l i t t l e  water a s  

p o s s i b l e  and cen t r i fuge  f o r  two minutes,  

4 )  Decant t h e  supernate from the  cen t r i fuge  tube i n t o  the  

Erlenmeyer f l a s k .  Discard the  yellow p r e c i p i t a t e .  

5 )  Add 2 m l  of sa tu ra ted  sodium bromate ( N ~ B ~ O  ) s o l u t i o n  
3  

and b o i l  f o r  th ree  minutes t o  p r e c i p i t a t e  manganese, dioxide 

( M ~ o ~ )  ( t h e  p r e c i p i t a t e  w i l l  be brown). 

6 )  Trans fe r  t o  a  cen t r i fuge  tube and cen t r i fuge  f o r  two 

minutes. Discard t h e  supernate  a s  r ad ioac t ive  waste.  

7 )  Wash the ,  p r e c i p i t a t e  with approxlmately 10 m l  of water.  

Centr i fuge f o r  two minutes and d i sca rd  t h e  supernate  (wash ' 

water)  a s  r ad ioac t fy~e  waste ,  

8)  Dissolve the  p r e c i p i t a t e  i n  5 m l  conc. ( 1 5 . 7 ~ )  n i t r i c  ac id  

fHNo3) and 5 drops of hydrogen peroxide ( ~ ~ 0 ~ )  and hea t .  

9 )  AYter complete dissol .ut ion,  t r a n s f e r  t h e  d isso lved  pre-  

c i p i t a t e  t o  a c l ean  Erlenmeyer f l a s k .  

10)  Repeat s t e p  D5. 

11) F i l . t e r  with suc t ion  t h e  p r e c i p i t a t e  onto a  weighed g l a s s  

f i b e r  f i l t e r  placed i n  t h e  f i l t e r  holder .  

12) Rinse t h e  Erlenmeyer f l a s k  w i t h  20 m l  water and pour the 

r i n s i n g s  through t h e  f i l t e r ,  

13) Wash the  p r e c i p i t a t e  with approxlmately . l o  m l  e t h y l  a lcohol  

and 10 nil  of' dl.ethy1. e t h e r ,  

1 4 )  Place t h e  f i l t e r  conta in ing  the  p r e c i p i t a t e  i n  an oven and 

d ry  a t  110'~ f o r  20 minutes, Cool i n  a  d e s i c c a t o r  f o r  



30 minutes,  

15) Weigh t h e  f i l t e r . a n d .  p r e c i p i t a t e  on an a n a l y t i c a l  balance 

t o  t h e  n e a r e s t  0 .1 .  mg, 

16 )  Sub t rac t  t h e  t a r e  weight of  t h e  f i l t e r  t o  o b t a i n  t h e  

weight of t h e  p r e c i p i t a t e .  

17 )  Mount t h e  f i l t e r  on a  s u i t a b l e  holder .  

NOTE: S u i t a b l e  ho lde r s  a r e  descr ibed  by Ove.rman and Clark 

i n  " ~ a d i o i s o t o p e s  Techniques", McGraw-Hill, 1960, 

18) With a  gamma -ray spectrometer ,  rad ioassay  t h e  p r e c i p i t a t e  

immediately . 

,... E. Ca lcu la t ion  

Only t h e  2.6 hour h a l f - l i f e  ~ n - 5 6  and t h e  314 day h a l f - l i f e  

~ n - 5 4  a r e  t o  be s tud ied .  

1) P l o t  t h e  gamma spectrum 

2 ) .  Determine t h e  count r a t e  o f  t h e  2.6 hour ~ n - 5 6  by 

. '  determining the. a r e a  under t h e  0.845 Mev photopeak. 

3 )  Repeat. count ing t h e  sample 2, 4 and 8 hours  a f t e r  p u r i f i -  

f i c a t i o n  and r epea t  s t e p s  E l  and E2. 

4 )  P l o t  a decay curve on. semilog paper  of  t he  count r a t e  vs 

time on the  0.845 Mev ~ h - 5 6  photopeak. 

5 )  The d i s i n t e g r a t i o n  r a t e  f o r  rganganese-56 i s  c a l c u l a t e d  

using t h e  equat ion :  

dpm-ml = C 

(v') ( E )  (FY)  
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. where : 

C = Count r a t e  of sample i n  counts  p e r  minute, 

cor rec ted  f o r .  background counter  ,and e x t r a -  

pola ted  back t o  saimpling t h e  

E .= Counter e f f i c i ency  

V' = 'Volume of  sample f n . m l .  

Fy = f r a c t i o n a l  chemical y i e l d  f o r  the  separa t ion  

6 )  Calcula te  the  decFy c o r r e c t i o n  f o r  radioactive-manganese 

a s  follows: 

Where : 

A = a c t i v i t y  a t  ti'me, t o  

A,= a c t i v i t y  a t  ,time zero i n  same u n i t s  a s  A 

e  = base o f  n a t u r a l  logarithms 
. . 

t = elapsed time 

T = h a l f - l i f e  of i so tope  i n  same u n i t s  . a s  t .  

7)  ~ e ~ e a t  counting the  sample 3 days l a t e r  and repea t  

counting the  sam.e every. seven days u n t i l  a  31'4 day s lope  

can be e s t a b l i s h e d  on a  semllog p l o t .  

8)  Repeat s t e p  E l  and determine the  count r a t e  o f  t h e  314 

day Mn-54 by determining the  area  under t h e  0.835 Mev 

photopeak . 
9 )  Repeat s t e p s  E-5 and E-6, 

10) Record da ta  and c a l c u l a t e  concent ra t ions  on form LACBWR- 

RC-1. -2172- 



-GROSS ALPHA ACTIVITY 

Method No. RC-3 - 

A .  SUMMARY OF METHOD 

, A  sample of t h e  coo lan t  s h a l l  be analyzed by evapora t i ng  

a  sample on a  . s t a i n l e s s  s t e e l  p l anche t  and . count ing  on 

a . p r o p o r t i o n a 1  coun te r  t o  determine g r o s s  a lpha  . a c t i v i t y .  

B. APPARATUS 

Evaporator  Feeder  - To be a b l e  t o  evapora te  l a r g e  volume 

samples onto  a  p l anche t .  (See F igu re  RC-3-1)'. 

2 .  I n f r a - r e d  lamp. 

3. 1 each  - .2 i nch  d iamete r  s t a i n l e s s  s t e e l  . p l anche t s .  

4. Small ( . c l ean ) :  f o r c e p s ;  

5. P r o p o r t i o n a l  Counting system - a p r o p o r t i o n a l  d e t e c -  

t o r  connected t o  a p p r o p r i a t e  a m p l i f i e r  and s c a l e r  type 

system. 

C .  REAGENTS AND MATERIALS 

' 1. Reagent g rade  chemicals  s h a l l  be used t o  p,repare r e a -  

: g e n t s .  Unless  .o therwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  , 

conform t o  t h e  s p e c i f i c a t i o n s  o f  t h e  Committee on Analy- 

t i c a l  Reagents of t h e  American Chemical S o c i e t y .  Other  

r e a g e n t s  may be used,  provided t h e y  a r e  of s u f f i c i e n t  

p u r i t y  t.o . g i v e  t h e  same accuracy .  

-173- 1 



GROSS ALPHA ACTIVITY 

C . REAGENTS AND MATERIALS ( ~ o n t  Id)  

2 .  P u r i t s  of Water.  - A l l  wa t e r  used i n  p repa r ing  t h e  

r e a g e n t s  .and i n  : d i l u t i n g  t h e  samples s h a l l  be deminera-  

l i z e d  wa te r  and conform t o  t h e  S p e c i f i c a t i o n  f o r  Reagent 

Water ( ~ ~ ~ ~ . D e s i g n a t i a n  . ~ 1 1 9 3 ) .  

3. concen t r a t ed  N i t r i c  Acid ( 1 5 . 7 ~ )  (HNO,) . 

D.  PROCEDURE 

1. Add 5 m l  concen t ra ted  ( 1 5 . 7 ~ )  n i t r i c  a c i d  (HNO ) t o  3 
500 m l  of primary c o o l a n t  i n  an Evapora tor  Feeder ( s e e  

s e c t i o n  B-1). 

2. Using an.Evaporator  Feeder  . evapora te  t h e  500 m l  from 
. . I 

s t e p  . D - 1  .onto a  2 I n c h  d i ame te r  s t a i n l e s s  s t e e l  p l anche t .  

3 .. Count on . t h e  p r o p o r t i o n a l  f low coun te r .  

E. CALCULATIONS 

1. Count f o r  one hour a t  t h e  a lpha  vo l t age  s e t t i n g .  

: 2. Correc t .  f o r  a  one hour  p lanche t  background a.nd c a l c u -  

l a t e  

&c/ml a s :  C 

~ c / m l  = x.22 x 10 '  ( E )  (v )  



t. .GROSS ALPHA ACTIVITY 

E. CALCULATIONS ( C o n t l d )  

Where : 

C = a lpha  count  r a t e ,  . i n  n e t  counts  per.  minute 

E = coun te r  . e f f i c i e n c y  

V = volume. of o r i g i n a l  sample . i n  m l  

2.22 x l o b  = convers ion f a c t o r  from d i s i n t e g r a t i o n s  p e r  

minute t o  micro c u r i e s .  



FIGURE RC-3-1 . 

Evapora to r  Feeder 



Method No. :RC'-4: - 
SUMMARY OF METHOD 

Cesium i s  scavenged w8i th . . i ron  hydroxide t o  remove impuri -  

t i e s  then  p r e c i p i t a t e d  a s  cesium c h l o r o p l a t i n a t e  from .an 

a c i d - e t h y l  a l c o h o l  'medium.   he .cesium . c h l o r o p l a t i n a t e  i s  

weighed and . radioassayed by gamma-ray spec t rometer .  

B. APPARATUS 

1. Normal l a b o r a t o r y  g lassware  i s  r equ i r ed  f o r  t h i s  work. 

2. Glass  F i b e r  F i l t e r  ,- .1 inch  di.ameter x .O. 1 inches  

t h i c k  should be used.  Any s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  
'I 

provided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa t e ly  and main- 

t a i n s  c o n s t a n t  weight  t o  + 0 .01  mg d u r i n g  : f i l t r a t i o n  and' 

d ry ing .  

3. F i l t e r  Holder  - The f i l t e r  h o l d e r  must  hold  t h e  1 inch  

f i l t e r s  r i g i d l y  , i n  p l ace  d u r i n g  f i l t r a t i o n ,  

NOTE: Care should  be taken t o  c l e a n  t h e  h o l d e r  - thoroughly 
. . 

between f i l t r a t i o n s  t o  p reven t  cross-contaminat i6n:  

4. D e s i c c a t o r  - The d e s i c c a t o r  must hbld  f o u r  .l . inch  d i a -  

m e t e r  , f i l t e r s  s imi Ja r  t o  F i s h e r  No. .8-615. 



a CESIUM IVETHOD 

m .  B,  APPARATUS ( c o n t f d )  

5. Oven - Oven should be g r a v i t y  convect ion type  and be 

a b l e  t o  supply  uniform h e a t  a t  110' C t o  a  - + 0.5' C F i s h e r  

No. 31-244-1 o r  e q u i v a l e n t ) .  

6 .  A n a l y t i c a l  Balance - 1 t . s h o u l d  be capab le  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg, 

7 .  Gamma-Ray Spec t rometer  - A sodium i o d i d e  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e  a m p l i f i e r  

and pu l se  h e i g h t  a n a l y z e r .  

8. Cen t r i fuge  - A c l i n i c a l  c e n t r i f u g e  s h a l l  be  used,  The 

head should accornmodate50ml c e n t r i f u g e  t ubes .  

9.  The fo l l owing  a d d i t o n a l  s u p p l i e s  a r e  needed: 

a .  50 m l  c e n t r i f u g e  t u b e s  

REAGENTS .AND MATERIALS 

I. Reagent g rade  chemicals  s h a l l  be used t o  p repa re  r ea -  

g e n t s .  Unless ot.herwise i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  

conform t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee of  Analy- 

t i c a l  Reagents  o f  t h e  American ' chemica l  S o c i e t y .  o t h e r  

- r e a g e n t s  may be used,  provid-ed t hey  a r e  of s u f f i c i e n t  

p u r i t y  t o  g i v e  t h e  same accuracy .  



t CESIUM METHOD 

C . REAGENTS AND MATERIALS ( ~ o n t  ' d  ) 

2. P u r i t y  of Water - A l l  wa t e r  used i n  . p r epa r ing  t h e  

r e a g e n t s  and i n  d i l u t i n g  t h e  samples s h a l l  be deminera- 

l i z e d  wa te r  .and conform t o  t h e  s p e c i f i c a t i o n  f o r  :Reagent 

Water ( ASTM . ~ e s i g n a t i o n  D 1193). 

3 .  Cesium C a r r i e r  ( 1 0  mg/ml) - R e f e r  t o  S e c t i o n  11 on 

s t a n d a r d i z a t i o n  of c a r r i e r s .  

-- 4. Ruthenium C a r r i e r  ( 1 0  mg/ml) - Disso lve  3 grams sf 

ruthenum c h l o r i d e  , i n  100 m l  of water:.' F i l t e r  through a  

medium f i l t e r  paper .  

5. Zirconium C a r r i e r  (10  m g / m l )  - Refer  t o  Sec t ion  I1 on 

s t . anda rd i za t i on  of c a r r f e r s .  

6 .  I r o n  C a r r i e r  ( 1 0  m g / m l )  - Refer  t o  S e c t i o n  I1 on 

s t a n d a r d i z a t i o n  of c a r r i e r s .  

7. 6 ~  Sodium Hydroxide - Disso lve  126 grams sodium hy- 

d rox ide  ( N ~ O H ) : ~  500 m l  of wa te r .  

8. 6 ~  Hydrochlor ic  Acid .- - Measure 500 m l  of concen t r a t ed  

hyd roch lo r i c  a c i d  and d i l u t e  t o  1 - l i t e r .  

9. Methyl Red I n d i c a t o r .  - Di.ssol..ve 1 gram of -methyl  red  

i n  600 ml of a lcoho l .  and d i l u t e  t o  . l - l i t e r .  



10.  . l o %  Ch1o;ropla t in ic  Acid - Disso lve  .10 grams ch lo ro -  

p l a t i n i c  a c i d  c r y s t a l s  ( H ~ P ~ c ~ ~  6 ~ 2 0 )  i n  9 0  m l  sf wate r .  

11. E t h y l  Alcohol - E i t h e r  CP e t h y l  a l c o h o l  o r  dena tu red  

e t h y l  a l c o h o l  (dena tured  accord ing  t o  formula No. 30, Re- 

. g u l a t i o n  No, 3 and i t s  appendix U.S. Bureau of I n t e r n a l  

Revenue) s h a l l  be used f o r  s e p a r a t i n g  cesium. 

12 .  .12.1N Hydrochlor ic  Acid - Concentrated hyd roch lo r i c  

a c i d  ( H C ~ ) .  

13. S i l i c o t u n g s t i c  Acid  SDlut ion - '  Disso lve  425 grams  of 

~ i l i c o t u n ~ s t ' i c  a c i d  (si0212w03 2 6 ~ ~ 0 )  i n  wate r  and d i l u t e  

t o  1 - l i t e r  w i t h  wa te r .  

14.  Rubidium C a r r i e r  ( 1 0  mg/ml)' - Refer  t o  Sec t ion  I1 on 

. s t a n d a r d i z a t i o n  of c a r r i e r s .  

15. (1 -2)  Hydrochlor ic  Acid - Measure 1 volume of concen- 

- t r a t e d  hyd roch lo r i c  ac.id t o  2  volumes of wate r .  

D(8 .PROCEDURE 

1. Add 2 .0  m l  c e s i , u i  c a r r i e r  and 5 m l  concen t r a t ed  hy- 
d r o c h l o r i c  a c i d  to t h e  sample t o  be analyzed.  

2. Add .1 m l  of rubidium c a r r i e r  and 1 m l  of s i l i c o t u n g s t i c  

a c i d  and a l low t h e  s o l u t i o n  t o  s t and  f o r  5 minutes  w i t h  

o c c a s i o n a l  s t i r r i n g .  
-180- 



CE3IUM .IYETHOD 

D o  PROCEDURE ( ~ o n t  ' d )  

3. C e n t r i f u g e  f o r  3 m i n u t e s  and d i s c a r d  t h e  s u p e r n a t e .  

4. Wash: tvhe p r e c i p i t a t e  t w i c e  w i t h  . l o  m l  o f  ( 1 - 2 )  hy- 

d r o c h l o r i c  a c i d .  

5. D i s s o l v e  t h e  p r e c i p i t a t e  i n  2 m l  o f  t h e  6~ sodium 

h y d r o x i d e  ( N ~ O H )  s o l u t i o n  and 5 m l  o f  w a t e r .  

NOTE: : H e a t  g e n t l y  i f  i t  is  n e c e s s a r y  . t o  . p u t  p r e c i p i t a t e  

6. C a r e f u l l y  add d ropwise  6~ h y d r o c h l o r c  a c i d  u n t i l ,  a  

p r e c i p i t a t e  forms and add 5 m l  e x c e s s .  D i g e s t  on a h o t  

p l a t e  and c o o l .  

7.  Cen . t r i fuge  f o r  2 m i n u t e s  and t r a n s f e r  t h e  s u p e r n a t e  

i n t o  a  c l e a n  5 0  m l  c e n t r i f u g e  t u b e .  

NOTE: D i s c a r d  t h e  y e l l o w  W03 p r e c i p i t a t e  t o  t h e  s a l i d  

r a d i o a c t i v e  w a s t e .  - 
.8. Add 3 d r o ' p s  e a c h  o f  i r o n ,  z i r c o n i u m  ,and ru then ium 

. . 

c a r r i e r s  t o  t h e  s u p e r n a t e .  

9. P r e c i p i t a t e  ru then ium,  z i r c o n i u m  and i r o n  c a r r i e r s  

b y  a d d i n g  6~ sodium h y d r o x i d e  ( N ~ O H )  d r o p s  u n t i l  a  f l o c -  

c u l e r i t  p r e c i p i t a t e  f'olarns. Add 5 d r o p s  in e x c e s s .  

NOTE: The p r e c i p i t a t e  formed w i l l  be  brown. 



CESIUM METHOD 

D o  PROCEDURE .(Cont I d )  

10. Cen t r i fuge  f o r  a t  l e a s t  5 minutes and t r a n s f e r  t h e  

supe rna t e  t o  a  .new c l e a n  50 m l  c e n t r i f u g e  tube .  T h e . o r i -  

g i n a l  c e n t r i f u g e  tube and p r e c i p i t a t e  ,should .be disposed of  

,11. Add- 3 drops  of i r o n  c a r r i e r  and r e p e a t  sl;eps D-9 and 

D - 1 0 .  

12 .  Add .l' drop of methyl  red  i n d i c a t o r ; a n d  add 6 ~  hydro- 

c h l o r i c  a c i d  ( H C ~ )  dropwise u n t i l  a  . r ed  c o l o r  appea r s ,  

NOTE: S w i r l  t o  ensu re  adequate  mixing. 
. . 

13. Add 1 m l  of 10% c h l o r o p l a t i n i c  a c i d  ( H ~ P ~ C ~ ~ )  and 

1 0  m l  e t h a n o l .  S w i r l  and h e a t  t o  b o i l i n g ,  

14.  Cool t h e  c e n t r i f u g e  tube  f o r  30 minutes  i n  a  r e f r i -  

. g e r a t o r  o r  i c e  b a t h .  

15. . F i l t e r  'wi th  . s u c t i o n  t h e  p r e c i p i t a t e  .on to  a  weighkd 

g l a s s  . f . i be r  f i l t e r  placed . i n  t h e  f i l t e r  h o l d e r .  

16.' Rinse t h e  c e n t r i f u g e  tube  w i t h  e t h a n o l  and :pour  t h e  
. . 

r i n s i n g s  through t h e  ' f i l t e r ,  

17 .  Wash t h e  p r e c i p i t a t e  w i th  5 m l  each  of e t h a n o l  and 

e t h e r .  



CESIUM. METHOD 

D o  PROCEDURE (Cont Id) 

18. P l ace  the  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e s  i n  a n  

oven. and dry  a t  110% f o r  10-15 minutes .  Cool i n . a  

d e s i c c a t o r  f o r  10-l5!. minutes .  

19: Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  

balance t o  t h e  n e a r e s t  0 . 1  mg.  
I 

1 .20. S u b t r a c t  t h e  t a r e  weight of  t he  f i l t e r  t o  o b t a i n  

1 t h e  weight of  t h e  p r e c i p i t a t e .  

21. Mount t h e  f i l t e r  on a  s u i t a b l e  h o l d e r .  

NOTE: S u i t a b l e  h o l d e r s  a r e  desc r ibed  by overman ..and 

C la rk  i n  " ~ a d i o i s o t o p e  ~ e c h n i q u e "  , McGraw-Hill, 

1960. 

22. With a gamma-ray spec t rometer ,  r ad ioas say  t h e  p r e -  

c i p i t a t e .  

The c e s i u m . a c t i v i t y  c h a r a c t e r i s t i c s  a r e  a s  fo l lows:  



CESIUM METHOD 

E, CALCULATIONS (~ont'd) 

Isotope Half -1if e 
Gamma -Ray 
Energy, Mev. 

Cesium-137 .. 29.2 yrs. 

Cesium-138 32 min. 



CESIUM 'METHOD -- 

E . CALCULATIONS (.cant I d ) 

NOTE: .If thedeminera1ize.ri.s not functioning properly, 

, cesium-136 will be detected.in the .&ffluent of 

the . Ion :Exchanger. 

1. .Determine the disintegration .rate for cesium-137 by 

determining area under the 0.662 Mev photopeak. 

2. .Determine the disintegration rate for cesium-138 by 

determining .area under the 1.43' ~ e v  photopeak. 

3. The disintegration rate of cesium-137 and 138 is 

calculated using the equation: 

Where : 
. . 

C , =  Counts per minute for ceiium-137. and 138 each corrected 

for background counts .and extrapolated back' to sampling 
. . .  

time. 

.E = Counting efficiency 

NOTE: This factor should include the fractional abun- 

dance of the gamma ray and the photopeak detec- 

t5on efficiency . 
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CESIUM ITETHOD 

CALCULATIONS. ( ~ o n t  Id ) 

F~ 
= -3 ' rac t iona l  chemical  . y i e l d  . f o r  t h e  s e p a r a t i o n .  

V .- Volume of sample i n  m l .  

4 .  . P l o t  a  .decay Curve on .semilog paper  o f  t h e  c o r r e c t e d  

counts  p e r - m i n u t e  ve r sus  t ime f o r  cesium-138. 

NOTE: . A  decay 'curve should be t aken  o v e r  a  .pe r iod  of 

s e v e r a l  hours  (sample should be counted f o r  cesium- 

1 3 8 . a t  a  minimum of o n e t i m e  an  hour ove r  a  pe r iod  

of f o u r  hours )  and e x t r a p o l a t e d  back t~ sampling 

t.ime . 



STRONTIUM : A N D  BARIUM :METHOD 

Method . No. ,,RC-5 

A .  SUMMARY OF MFTHOD 

Barium and s t r o n t i u m  a r e  s e p a r a t e d  from f i s s i o n  p r o d u c t  

mixbures by p r e c i p i t a t i o n  w i th  fuming . . n i t r i c  a c i d .  .Barium 

i s  s e p a r a t e d  from . s t ron t ium . a s  . t h e  chromate sin bu f f e r ed  

a c e t i c  a c i d  s o l u t i o n  and s t r o n t i u m  . p r e c i p i t a t e d . . a s  s t r o n t i u m  

o x a l a t e .  

.NOTE: The o n l y  import.ant a l k a l i n e  e a r t h  f i s s i o n  products .  
. . 

a r e  barium .and s t ron t ium.  

1. Normal l a b o r a t o r y  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2. Glass  F i b e r  F i l t e r  - 1 inch  d i ame te r  x  0 .01  i n c h e s  

t h i c k  should be used.;: ' ~ n ~  s i m i l a r  f i l t e r  w i l l  be  s u i t a b l e  

provided'  i t  r e t a i n s  f i n e  p r e c i p i t a t e s  a d e q u a t e l y .  and main- 

t a i n s  c o n s t a n t  we igh t . . t o  + 0 . 1  .mg d u r i n g  . f i l t r a t . i o n  .and 
. . - .  

. . 

d r y i n g .  

3. ' ~ i l t e r  Holder - The f i l t e r  . ho lde r  .must hold  t h e  .1. i n c h  

f i l t e r s  r i g i d l y  i n  p l ace  du r ing  f i l t r a t i o n .  

NOTE: Care should be taken t o  c l e a n  t h e  h o l d e r  thoroughly  

between f i l t r a t i o n s  t o  p reven t  c ross -con tamina t ion .  
. . 



STRONTIUM AND BARIUM METHOD 

B. APPARATUS ( C o n t ' d )  

4  . D e s i c c a t o r  - The d e s i c c a t o r  mus t  h o l d  f o u r  i n c h  

d i ame te r  . f i l t e r s  s i m i l a r  . to F i s h e r  .No. 8-615. 

Oven - Oven should be g r a v i t y  convect ion type and 5. - 
be a b l e  t o  supply  uniform h e a t  a t  110' C t o  a  - + 0.5' C .  

 i is her No. 13-244-1 o r  e q u i v a l e n t . )  

6 .  A n a l y t i c a l  Balance . -  .It should be capab le  t o  weigh 

t o  t h e  . n e a r e s t  0 . 1  mg. 

7 .  .Gamma-Ray Spec t rometer  - . A  sodium . iod ide  s c i n t i l l a -  

t i o n  d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e  am- 

p l i f i e r  and pu l se  h e i g h t  a n a l y z e r .  

8. P r o p o r t i o n a l  Counting System - A propor t . iona1 d e t e c -  

t o r  connected bo a p p r o p r i a t e  a m p l i f i e r  and s c a l e r  type.  

sys tem;  

C .  REAGENTS AND MATERIALS 

1. P u r i t y  of Reagents - Reagent g r ade  chemicals  s h a l l  
. . 

be . used  . t o  p r epa re  r e a g e n t s .  Unless o therwise  . i n d i c a t e d ,  

ali reagen ts ;aha l l . conform t o  t h e  s p e c i f i c a t i o n s  of t h e  

Committee on . A n a l y t i c a l  Reagents .of t h e .  American Chemical 

S o c i e t y .  'Other r e a g e n t s  may be u s e d ,  provided they  a r e  

of s u f f i c i e n t  pur l . ty  t o  g i v e  t h e  same accu racy . .  . 



STRONTIUM AND BARIUM METHOD 

C . REAGENTS AND MATERIALS (Cont .I d ) 

2.. P u r i t y  of  Water . -  A l l . w a t e r  used i n  p repa r ing  t h e  r e a -  

g e n t s  and i n  . s t anda rd i za t . i on  .of t h e s e  . r e a g e n t s  . s h a l l  be 

deminera l ized  wa te r  and conform t o  t h e  S p e c i f i c a t i o n  f o r  

Reagent Water (ASTM Des igna t ion  .D 1193) .  

3. E t h y l  Alcohol - E i t h e r  CP e t h y l  a l c o h o l  o r  dena tured  

e t h y l  a l c o h o l  (dena tured  accord ing  t o  formula No. 30, 

Regulat ion No. 3 and i t s  appendix,  U.S. Bureau of I n t e r n a l  

~ e v e n u e )  - s h a l l  be used f o r  S t a n d a r d i z a t i o n  of t h e  C a r r i e r s .  

4. Standardized .S t ron t ium C a r r i e r  - See Sec t ion  I1 on 

S t a n d a r d i z a t i o n  of C a r r i e r s .  

5. . Standard ized  B a r i s  C a r r i e r  - -See S e c t i o n  I1 on S tan-  

d a r d i z a t i o n  of C a r r i e r s .  

6 .  Lanthanum C a r r i e r  - Disso lve  31 grams i n  1000 m l  of 

wa te r .  
. . 

7 .  I r o n  C a r r i e r  ( ' ~ n s t a n d a r d i z e d ) :  - . D i s s o l v e  1 gram i r o n  

meta l  powder i n  50 m l  concen t r a t ed  hyd roch lo r i c  a c i d  ( H C ~ )  

p l u s  50 m l  wa te r .  

8. 6~ Ammonium Hydroxide (NH)!oH)- Measure 400 m l  of con- 

c e n t r a  t ed  arnn~oriiu:r~~ hydraoxide ( N H ~ O H )  ( 1 4 . 8 ~ )  and d i l u t e  

t o  1 - l i t e r .  

-189- 



STRONTIUM .AND BARIUIV! .METHOD 

C . FLEAGENTS AND M A T E ~ A L S  ( c o n t  ' d  ) 

9 .  6# N i t r i c  Acid (HNo3) - Measure 384 m l  ox concen t r a t ed  

n i t r i c  a c i d  ( 1 5 . 7 ~ )  (HN03) and d i l u t e  t o  1 - l i t e r  w i th  wate r .  

1 0 .  6M Acet ic  Acid - Measure 200 m l  concen t r a t ed  a c e t i c  a c i d  

(HC2H302)(17.4N) and d i l u t e  t o  500 m l  w i th  wate r .  

11. . 1 ; 5 ~ : s o d i u m  Chromate .(Na2cr04) - Disso lve  243 grams of 

sodium dhromate (Na2Cro4) i n  wa te r  and d i l u t e :  t o  1 - l i t e r  w i t h  

wa te r .  

1 2 .  6M Ammonium.Acetate - Disso lve  ,230 grams of ammonium 

a c e t a t e  ( N H ~ c ~ H ~ o ~ )  i n  w a t e r  and d i l u t e  t o  500 m l  w i t h  wate r .  

13. Concentrated Ammonium Hydroxide - Normali ty of  concen- 

t r a t e d  r eagen t  i s  1 4 . 8 ~ .  

1. Add t o  50 m l  g l a s s  c e n t r i f u g e  t u b e , 2 ~ . m l s t a n d a r d i z e d  

s t r o n t i u m  c a r r i e r ,  2  m l  s t anda rd i zed  barium c a r r i e r ,  2 m l  

uns tandard ized  lanthanum. 

NOTE: Sample s i z e  should be chosen t o  c o n t a i n  2000-k000 
. . L .  

s t r o n t i u m  b e t a  c o u n t s  p e r  minute a t  2 7 l  geometry,  

2 .  Add 30 m l  of  r e d  fuming n i t r i c  a c i d  ( H N O ~ )  and s t i r  f o r  

1-2  minutes ,  

N0TE:Step D-2 should be cooled i n  a n  i c e  b a t h .  

-190- 



@ STRONTIUM AND BARIIJM METHOD 

D ,  .'PROCEDURE ( ~ o n t  ' d )  

I - 3. Cen t r i fuge  f o r  2 minutes and d i s c a r d  supe rna t e  t o  a  
. . 

a t  l e a s t  1/2 f u l l . o f  wa te r .  p l a s t i c  .waste b o t t l e .  --- 

4.  Disso lve  t h e  p r e c i p i t a t e  i n  .about  2 . m l  wa t e r  and add 

15 m l  r ed  fuming n i t r i c  a c i d  (HNO ) .  ( c o o l  i n  a n . i c e  b a t h  
3 

d u r i n g  t h i s  o p e r a t i o n ) .  

NOTE: To d i s s o l v e  t h e  p r e c i p i t a t e ,  h e a t i n g  may be neces sa ry  

t o  e f f e c t  complete s o l u t i o n .  

5. Repeat s t e p  D-3.  

6 .  Disso lve  p r e c i p i t a t e  i n  5-10 m l  wa t e r  and add approx i -  

mately  1 m l  i r o n  c a r r i e r  (uns t anda rd i zed )  and 2 m l  6~ 

ammonium hydroxide ( N H ~ O H )  . 
NOTE: ~ e ( O 3 )  scavenging p r e c i p i t a t i o n  i s  made t o  remove 

3 
contaminat.ing a c t i v i t i e s .  

7 .  Cen t r i fuge  and decan t  supe rna t e  t o  a  new g l a s s  50 m l  

c e n t r i f u g e  t ube .  Discard  t h e  p r e c i p i t a t e .  

NOTE: Note day and t ime a t  t h i s  s t e p .  Date and time i s  

. . neces sa ry  t o  make c o r r e c t i o n  i n  c a l c u l a t i o n  f o r  

Y t t r i u m  90 growth.  

8. N e u t r a l i z e  supe rna t e  t o  a l k - a c i d  paper by adding 6~ 

n i t r i c  a c i d  ( H N O ~ )  dropwise.  



,STRONTIUM ..AND BARIUM METHOD 
\ 

9. Add 1 m l - 6 ~  a c e t i c  a c i d  and 2 m l  ammqnium a c e t a t e .  

10.  .Hea t  t o  . i n c i p i e n t  b o i l i n g ,  wh'i;ile s t :Pr r ing ,  add 1 . m l  of 

1.5M sodium chromate ( N ~ ~ c ~ o ~ ) .  

NOTE : Barium .is s e p a r a t e d  from s t ronbium a s  t h e  chromate. 

S t ron t ium remains. in . s o l u t i o n .  

11. Cen t r i fuge  f o r  2  minutes  and decan t  supe rna t e  t o  a  new - 

c l e a n  g l a s s  c e n t r i f u g e  tube .  

12.  Save t h e  p r e c i p i t a t e  from s t e p  D - 1 1  and r i n s e  t h e  cen- 

t r i f u g e  tube  wi th  e t h y l  a l c o h o l  and pour %he r i n s i n g s  onto  

a  weighed g l a s s  f i b e r  f i l t e r  p laced i n  t h e  f i l t e r  h o l d e r .  

, 
13. Wash t h e  p r e c i p i t a t e  w i th , app rox ima te ly  1 0  m l  e t h y l  

a l c o h o l  and 1 0  m l  of d i e t h y l  e t h e r .  

14. '  P lace  t h e  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n  a n  oven . 

and d r y  a t  110' C f o r  20 minutes .  Cool i n  a  d e s i c c a t o r  f o r  

10-15 minutes .  

15. Weigh the  f i l t e r . a n d  p r e c i p i t a t e  .on .an a n a l y t i c a l  b a l -  

ance t o  t h e  n e a r e s t  0 . 1  mg. 

16 .  s u b t r a c t  t h e  t a r e  weight  o f  t h e  f i l t e r  t o  o b t a i n  t h e  

weight  of  t h e  p r e . c i p i t a t e .  



STRONTIUM AND BARIUM .METHOD 

D, PROCEDURE ( c o n t t d )  

- 17. Mount t h e  f i l t e r  on a  s u i t a b l e  h o l d e r .  

NOTE : S u i t a b l e  h o l d e r s  a r e  de sc r ibed  .by Overman and Cla rk  

11 i n  Radioisotope ~ e c h n . i q u e s " ,  McGraw-Hill, 1960. 

18. With- a  .gamma-ray spec t rometer ,  r a d i o a s s a y  t h e  p r e c i p i -  

. .  t a t e .  

19 .  To t h e  c l e a r  supe rna t e  from s t e p  D - 1 1 ,  add 2  m l  con- 

c e n t r a t e d  ammonium hydroxide ( N H ~ O H ) .  

20. Heat t o  i n c i p i e ~ t  b o i l i n g a n d  w h i l e s t i r r i n g ,  s lowly  

add 5 m l  s a t u r a t e d  ammonium o x a l a t e  ( N H ~ ) ~ C ~ O ~ .  

NOTE: S t ron t ium i s  p r e c i p i t a t e d  a s  s t r o n t i u m  o x a l a t e  

( S ~ ~ C ~ O ~ - H ~ O )  and weighed a s  such.  

21. F i l t e r  w i th  s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed 

g l a s s  f l . be r  f i l t e r  placed . i n  t h e  f i l t e r  h o l d e r  and r e p e a t  

s t e p s  D - 1 3 ,  D - 1 4 ,  D - 1 5 ,  D-16 and D - 1 7 .  ' . 

22. Beta count u s i n g  t h e  P r o p o r t i o n a l  Flow Counting Sys- 
- 

t em. 

E . CALCULATIONS 

The barium a c t i v i t y  i s  p r i m a r i l y  composed of 83 minutes  

h a l f - l i f e  Ba-139 and 1 2 . 8  day h a l f  - l i f e  ~ a - 1 4 0  activities. 

Both a r e  b e t a  and gamma e m i t t e r s .  For  t h e  Ba-139 determina-  

t i o n ,  count  e v e r y .  l 5  minutes ,  f o r  1s hours  by fo l l owing  . t he  



STRONTIUM . AND BA RIUM METHOD 

0.165 Mev gamma photopeak. Fo r  t h e  ~ a - 1 4 0  dete . rminat ion,  

i f  Ba-139: i s  p r e s e n t ,  beg in  count ing  one day a f t e r  p u r i -  

. f i c a t i o n  from . s t ep  D-10. Then w a i t  f o r  two weeks .and count 

d a i l y  t h e r e a f t e r  . f o r  5 t o  1 0  days..  

1. P l o t  t he  gamma spectrum. 

2. Determine t h e  d i s i n t e g r a t i o n  r a t e  by de te rmin ing  t h e  

a r e a  under  t h e  0.165 Mev photopeak f o r  Ba-139. 

3. P l o t  a decay curve -on semilog :paper o f  t h e  c o r r e c t e d  

counts  p e r ,  minute ve r sus '  t ime.  

NOTE: The coun t ing  : r a t e  o f  Ba-139, a t  sampling time i s  ob- 

. t a i n e d  by e x t r a p o l a t i n g  . t h e  . 83 ,minu te  decay curve 

back t o  sampling t ime.  

4. To de te rmine  t h e  c o n t r i b u t i o n  of 1 2 . 8  day h a l f - l i f e  

~ a - 1 4 0  ' t o  t h e  sample, a l low t h e  sample t o  e q u i l i b r a t e  .w i th  

i t s  40 hour h a l f - l i f e  La-140 daugh te r  over  a  per iod  of two 

weeks. Then count d a i l y  f o r  f i v e  days .  The count t aken  

one day a f t e r  s e p a r a t i o n  may be computed because l a n -  

thanum hold-back c a r r i e r  was used i n  t h e  s e p a r a t i o n  p a r t  

of t h e  procedure .  ( s e e  f i g u r e  RC-5-1 f o r  t h e  curve on 

~ a - 1 4 0  decay and growth of La-140 a c t i v i t y . )  



STROMTIUM :AND BARIUM :METHOD 

E. CALCULATIONS ( c o n t f d )  

5. .The d i s i n t e g r a t i o n  r a t e  .of bo th  :Ba-139 and . ~ a - 1 4 0  i s  

calcuIAted u s i n g  t h e  . equa t ion :  

C/ dpm - m l  = i ~ )  (E) (Fy )  

Where : 

. C  = Counts p e r  minute c o r r e c t e d  f o r  background coun t s .  

V = F a c t o r  f o r  volume of sample. 

E = Counting e f f i c i e n c y .  

F y =  Yield  f a c t o r .  
..' 

6.  . To determine s t ron t ium-90  s e e  method RC-6, Secbion .E. 
. . 



FIGURE RC-5-1 

Deca of ~ a - 1 4 0  and Growth of 
*La-l$O Act iv i ty  

Ba,- La .-%'~e-140 

307.2 hr .  40.2hr. 

When the  a c t i v i t y  of ~ a - 1 4 0  = 1 
a t  t = O ,  and the a c t i v i t y  of 
~ a - 1 4 0  = 0  a t  t = O  



I STRONTIUM - 90 

Method No. RC-6 
I 

I A .  SUMMARY OF METHOD 

The . p r e c i p i t a t e d  sample of  s t ron t ium o x a l a t e .  monohydrate 

from procedure RC-5,  i s  d i s i n t e g r a t e d  wi th  <fum'ing . n i t ' r i c  

a c i d  . a f t e r , a d d i t i o n  of  y t t r i u m  c a r r i e r .  Stront ium and y t t r i u m  

a r e  c o p r e c i p i t a t e d  a s  a  mixture  of o x a l a t e  and carbonate  s a l t s  

by t h e  a d d i t i o n  of excess  sodium carbonate .  The p r e c i p i t a t e  

i s  i g n i t e d  and then  d i s so lved  i n  n i t r i c  a c i d  and then  p r e c i p i -  

t a t e d  a s  y t t r i u m  hydroxide.  The y t t r i u m  hydroxide i s  d i s so lved  

I and f i n a l l y  p r e c i p i t a t e d  a s  y t t r i u m  o x a l a t e  f o r  weighing and 

count ing . 
NOTE: This  method should be used if h igh  

p u r i f i c a t f i o n  i s  r equ i r ed .  

& 

. B.  APPARATUS 

1. Normal l a b o r a t o r y  glassware i s  r equ i r ed  f o r  t h k s  work. 

2 .  . Glass  F i b e r  F i l t e r , -  1 inch  d iameter  x  0 .01  inches  

t h i c k  should be used. Any s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  

provided it  r e t a i n s  f i n e  p r e c i p i t a t e s  adequate ly  and main- . .. 

t a i m  cons t an t  weight t o  + 0 . 1  mg dur ing  f i l t r a t i o n  and dry-  



B. APPARATUS ( ~ o n t  Id) 

3. F i l t e r  Holder - The f i l t e r  h o l d e r  must ho ld  t h e  1 

i n c h  f i l t e r s  r i g i d l y  i n  p l a c e  d u r i n g  f i l t r a t i o n .  

NOTE: Care should be t aken  t o  c l e a n  t h e  

h o l d e r  thoroughly between f i l t r a t i o n s  

t o .  p r even t  c ross -con tamina t ion .  
1 

4 .  . D e s i c c a t o r  - .The d e s i c c a t o r  should  hold  . f o u r  1 inch 

d i ame te r  f ' i l t e r s  s i m i l a r '  t o  F i s h e r  .No. 8-615. 

5. Oven :, Oven should be g r a v i t y  convec t ion  type  and 

be a b l e  t o  supply  uniform .hea t  a t  110' C . t o  a  * 0.5' C .  

( F i s h e r  , N O .  13-244-1. o r  e q u i v a l e n t ) .  

6 .  A n a l y t i c a l  Balance - It should be capab le  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg. 

7.  . P r o p o r t i o n a l  Counting System - A .  p r o p o r t i o n a l  d e t e c t o r  

connected t o  a p p r o p r i a t e  a m p l i f i e r  and s c a l e r  type system. 

8 .  Muffle Furnace - To be a b l e  t o  ho ld  f o u r  c r u c i b l e s  and 

. a l s o  des igned f o r  con t inuous  o p e r a t i o n  a t  t empera tures  up t o  

900' C ( 1 6 5 0 ~  F)  . ( F i s h e r  No. 10-552 o r  e q u i v a l e n t .  ) 



B. APPARATUS ( ~ o n t ' d )  

9 .  The fo l lowing  a d d i t i o n a l  s u p p l i e s  a r e  needed: 

a )  25 m l  beaker ( 6  each)  

b )  Fine f i l t e r  paper  (whatman type )  

c )  40 m l  p o r c e l a i n  c r u c i b l e  (6  each)  

d). 100 m l  beaker ( 6  each)  

e )  50 m l  c e n t r i f u g e  tubes  (12  each)  

f )  50 m l  beaker ( 6  each)  

1. Reagent grade chemicals s h a l l  be used t o  p repa re  r eagen t s .  

Unless o therwise  i n d i c a t e d ,  a l l  r eagen t s  s h a l l  conform t o  t h e  

s p e c i f i c a t i o n s  o f  the  Committee on A n a l y t i c a l  Reagents of t h e  

American Chemical Soc ie ty .  Other  r e a g e n t s  may be used, provided 

-- they a r e  of s u f f i c i e n t  p u r i t y  t o  g ive  t h e  same accuracy .  

2 .  P u r i t y  of Water - A l l  water  used. i n  p repa r ing  t h e  r eagen t s  

and i n  d i l u t i n g  t h e  samples s h a l l  be demineral ized water  and 

conform t o  t h e  S p e c i f i c a t i o n  f o r  Reagent Water (ASTM-Designa- 

3. Ammonium hydroxide ( 1 4 . 8 ~ )  - Concentrated ammonium 

hydroxide ( N H ~ O H )  . 

4 .  E t h y l  Alcohol - E i t h e r  CP e t h y l  a l coho l .  o r  denatured 

e t h y l  a l c o h o l  (denatured accord ing  t o  formula No. 30, Regula- 

t i o n  No. 3 and i t s  appendix,  U .  S o  Bureau of  I n t e r n a l  ~ e v e n u e )  

: s h a l l  be used f o r  t,hf s. method:. - . . .  , 

. . .  , : a  
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C . REAGENTS. AND MATERIALS ( ~ o n t  ' d )  
C 

5. . Ammonium Oxa la t e  S o l u t i o n  ( ( N H  ) C 0  ~ ~ 0 )  - s a t u r a t e d  
4 2 2 4  

s o l u t i o n .  

6 .  Hydrochlor ic  Acid S o l u t i o n  (1-11 - Mix 1 volume of  

concen t r a t ed  ( 1 2 . ~ )  hyd roch lo r i c  a c i d  ( H C ~ )  w i t h  1 volume of 

wate r  . 

7 .  , N i t r i c  Acid S o i u t i o n  (2 -3)  ' -  Mix 2  volumes o f  concen t r a t ed  

( 1 5 . 7 ~ )  n i t r i c  a c i d  (HNO ) w i t h  3 volumes o f  wate r .  3 

8. Sodium Carbonate S o l u t i o n  - Disso lve  212 g of  sodium 

c a r b s n a t e  ( N ~ ~ c o ~ )  i n  wate r  and d i l u t e  t o  1 - l i t e r  w i t h  w a t e r .  

9. St ron t ium C a r r i e r  - Refer  t o  S e c t i o n  XI on s t a n d a r i z a t i o n  

o f  c a r r i e r .  

10 .  Y t t r i um C a r r i e r  - Refe r  t o  S e c t i o n  I1 on s t a n d a r d i z a t i o n  

of  c a r r i e r .  

11; :T.he . . . fol lowing . a d d i t i o n a l  chemicals  a r e  needed: 

. a )  - E t h y l  E t h e r  
. . .  

. a .  

b2 ( ~ e d )  'Fuming N i t r i c  Acid 

c  ) Sodium Carbonate ( N ~ ~ c o ~ )  S o l i d  . . 



1. Place  the  f i l t e r  con ta in ing  the  s t ront ium o x a l a t e  

p r e c i p i t a t e  i n  a  25-ml  beaker.  

2 .  Add 2 .0 .ml  of s tandard ized  y t t r i u m  c a r r i e r .  

3.- Add 10 m l .  of  fuming n i t r i c  a c i d  (HNO .) and evaporate  
3 

t o  near  dryness .  

NOTE: . A f t e r  evapora t ing  t o  nea r  dryness ,  cool  

beaker t o  room temperature .  

4 .  Add 2  m l  o f  fuming n i t r i c  a c i d  (HN03) and evaporate  

t o  near  dryness .  

5 .  Add c a r e f u l l y  10 m l  of the  s a t u r a t e d  sodium carbonate  

(Na CO ) s o l u t i o n  and 1 gm of  s o l i d  sodium carbonate  ( N ~ ~ c o ~ )  .-- 2  3 

6 .  . B o i l ,  f o r  5 minutes on a  h o t p l a t e ,  and cool  t o  room tempera- 
/ ..' 

.t ure . - 

7. F i l t e r  t he  s o l u t i o n  through a  f i n e  f i l t e r  paper .  A f t e r  

f i l t e r i n g  the  s ,olut ion,  wash the  p r e c i p i t a t e  wi th  water .  

8. ~ r a n s f e r  t he  f i l t e r  paper  con ta in ing  the  p r e c i p i t a t e  t o  

a p o r c e l a i n  c r u c i b l e  and i g n i t e  - a t  700' C f o r  1 hour i n  a  

muffle furnace .  

9 .  Care fu l ly  d i s s o l v e  the  r e s idue  i n  n i t r i c  a c i d  (2-3)  

(HN03) and t r a n s f e r  t b  a  100 m l  beaker wi th  20 m l  of water .  
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.. 
STRONTIUM - go 

D .  P R O C E D U R E . ( C O ~ ~ ' ~ )  

10 .  Repeat s t e p  D-6 

11. Add concent ra ted  ammonium hydroxide ( N H ~ O H )  dropwise 

u n t i l  y t t r i u m  hydroxide p r e c i p i t a t e s .  Add 5 . m l  i n  excess  

and t r a n s f e r  t o  a  50 m l  c e n t r i f u g e  tube .  

12 .  Cen t r i fuge  and d i s c a r d  t h e  supe rna t an t  .. 

13. Wash the  p r e c i p i t a t e  t w i c e .  wi th  10  m l  of  wate r  and 

r e p e a t  s t e p  D-12 between each wash.' 

NOTE: Record the  d a t e  and t ime a f e r  

. washing p r e c i p i t a t e  twice .  

14 .  Disso lve  t h e  p r e c i p i t a t e  i n  (2 -3)  n i t r i c  a c i d  (HNO ) .  3 
Add. 2  m l  of  t h e  s t r o n t i u m  c a r r i e r  . s o l u t i o n  and r e p e a t  s t e p s  

D 1 1 ,  Dl2 and D 1 3 .  I 

15. , D i s s o l v e  t h e  p r e c i p i t a t e  i n  2  m l  of  (1-1) hydrochlor ic  

a c i d  ( H C I ) ,  d i l u t e  t o  15 m l  w i t h  wa te r  and t r a n s f e r  t o  a  

50 .ml  beaker .  

. 16 .  o eat' t h e  s o l u t i o n  t o  n e a r  b o i l i n g  and add 20 m l  o f  

s a t u r a t e d  .ammonium o x a l a t e  s o l u t i o n .  Continue h e a t i n g  f o r  

10 minutes and then  coo l  i n  a n  i c e  ' ba th .  



D . .  PROCEDURE (Cont 'd)  

17. F i l t e r  with suc t ion  the  p r e c i p i t a t e  onto a  weighed 

g l a s s  f i b e r  f i ' l t e r  p laced ,  i n  the  f i l t e r  holder .  

18. Rinse the  beaker with e t h y l  a lcohol  and pour . the  

r i n s i n g s  through the  f i l t e r .  

19.  Wash the'  p r e c i p i t a t e  with approximately 10 m l  e t h y l  

a lcohol .  and 10 m l  of d i e t h y l  e i t h e r .  

20. Place the  f i l t e r  conta in ing  the  p r e c i p i t a t e  i n  -an ,oven 

and dry a t  110' C f o r  20minu tes .  Cool in .  a  d e s i c c a t o r  f o r  

20 minutes. 

21. Weigh t h e  f i l t e r . a n d  p r e c i p i t a t e  on an a n a l y t i c a l  balance 

t o  the .  nea res t  0.1. mg. 

22 .  Subt rac t  the  t a r e  weight of the  f i l t e r  to  o b t a i n  the  

weight of the  p r e c i p i t a t e .  

23. .Mount the  f i l t e r  on . , a  s u i t a b l e  holder .  

NOTE: Su i t ab le .  holders  a r e  descr ibed by 0,verman 
- .  I 

and Clark i n  "Radioisotope ~ e c h n i q u e s "  
. . 

McGraw-Hill 1960. 

24. Count the  y t t r ium oxa la te  p r e c i p i t a t e  on the  p ropor t iona l  

flow counting system. 



STRONTIUM - 90 

E . CALCULATIONS 

. . 1. C a l c u l a t e  t h e  co .ncen t ra t ion  D, o f  r a d i o a c t i v e  yt t r ium-90 

i n  mic rocu r i e s  p e r  cc a s  fo l lows :  

, c .  
D , =  2.22 x 100 (E)(V)(R1)(R2)  

where : 

C = be ta  count r a t e ,  i n  n e t  counts  p e r  minute 

E = bet,a coun te r  e f f i c i e n c y  . i n  counts  p e r  d i s i n t e g r a t i o n  

V = volume of  o r i g i n a l  sample, i n  CC 

R1 = f r a c t i o n a l  chemical y i e l d  f o r  t h e  s e p a r a t i o n  of 

y t t r i u m  from S tep  D-23. 

. . 
2 .  22 x lo6 = convers ion f a c t o r  from d i s i n t e g r a t i o n s  p e r  

. . 

minute t o  mic rocu r i e s  . 
R2 = 

f r a c t i o n a l  chemical  y i e l d  f o r  t h e  s e p a r a t i a n  of  

s tnont ium given i n  Method RC-5 .  

2.  C a l c u l a t e  t h e  decay c o r r e c t i o n  f o r  y t t r ium-90 a s  

fo l lows:  ' 

where : 

A = ' a c t i v i t y  a t  time sample i s  counted f o r  y t t r i u m .  

Ao = a c , t i v i t y  a t  t ime o f  s e p a r a t i o n  of  y t t r i u m  f rom 

s t ron t ium from S tep  D - 1 3 .  

t = e l apsed  t ime between count ing  and s e p a r a t i o n  of  

yt t r5um from s t ron t ium from S tep  D-13 

T  = h a l f - l i f e  of y t t r i u m ,  i n  same u n i t  as t .  
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3.  C a l c u l a t e  t h e  a c t i v i t y  of strontium-90 from t h e  growth 

and s e p a r a t i o n  o f  yt t r ium-90 a t  t h e  beginning o f  t he  decay 

pe r iod  .of s t ront ium-90 a s  fo l lows :  

where : 

A, = Sr-90 a c t i v i t y  a t  t h e  beginning o f  t he  decay 

pe r iod  of  Sr-90. 

A = ~ ~ ~ . a c t i v i t ~  a t  t h e  t ime y t t r t u m  i s  sepa ra t ed  

from Sr-90 from Step  D - 1 3  

t = Sr-90 decay p e r i o d  a s  determined i n  S t ep  D-13 i n  

same u n i t  as T .  

I . . .  T . " =  h a l f - l i f e  o f  - Sr-go.  
. - 



Method. No. RC-7  - 

A .  SUMMARY OF METHOD 

R a d . i o i r 0 n . i ~  i s o l a t e d  i n  Method RC-10 S tep  D-10 and e l u t e d  

from t h e  an ion  r e s i n  column i n  S tep  D-2 o f  t h i s  method. T h i s  

i s  followed w i t h  an  a c i d  s u l f i d e  scavenge which removes such 

c a t i o n  a c t i v i t i e s  as copper .  The i r o n  i s  f i n a l l y  e x t r a c t e d  
. . 

i n t o  i soprophyl  e t h e r  from a hydrochlor ic  a c i d  s o l u t i o n ,  back 

e x t r a c t e d  i n t o  water ,  p r e c i p i t a t e d  a s  t h e  hydroxide and i g n i t e d  

t o  form Fe 0  f o r  r ad io -a s say .  
2 ~3 

APPARATUS 

1. Normal l a b o r a t o r y  glassware  i s  r e q u i r e d  f o r  t h i s  work. 

. 2 .  Des i cca to r  - .The d e s i c c a t o r  must ho ld  f o u r  c r u c i b l e s  

s i m i l a r  . t o  F i s h e r  No. 8-615. 

3. A n a l y t i c a l  Balance - It should be capable  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg. 

4. Gamma-Ray Spectrometer  - A sodium l a d i d e  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e  a m p l i f i e r  and 

p u l s e  h e i g h t  a n a l y z e r .  

5. Cen t r i fuge  - A c l i n i c a l  c e n t r i f u g e  s h a l l  be used. The 

head should accomodate 5 O  m l  c e n t r i f u g e  tubes .  



APPARATUS 

6.  The fo l lowing  a d d i t i o n a l  s u p p l i e s  a r e  needed: 

a )  50 m l  c e n t r i f u g e  tube 

b)  125 m l  s epa ra to ry  funne l  

c )  P o r c e l a i n  c r u c i b l e s  

REAGENTS AND MATERIALS 

1. Reagent grade chemicals s h a l l  be used t o  p repa re  r e a g e n t s .  

Unless  o therwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  conform t o  t he  

s p e c i f i c a t i o n s  of t h e  Committee o f  A n a l y t i c a l  Reagents of  t h e  

American Chemical S o c i e t y .  Other  r e a g e n t s  may be used, p ro-  

vided they a r e  of  s u f f i c i e n t  p u r i t y  t o  g ive  t h e  same accuracy .  

2 . '  . P u r i t y ' o f  Water - . A l l  wa te r  used.  i n  p repa r ing  t h e  r eagen t  

and i n  d i l u t i n g  t h e  samples s h a l l  be deminera l ized  wate r  and 

conform t o  t he  s p e c i f i c a t i o n  f o r  ~ e a ~ e n t  Water (ASTM Designa- 

t i o n  ~ 1 1 9 3 ) .  

3; (1-19) Hydrochloric Acid - Mix one volume concen t r a t ed  

hydrochlor ic  a c i d  (HCI )  and 19 volumes o f  wate r .  

4. Copper c a r r i e r  (10 mg/ml) - Refer  t o  S e c t i o n  11 on 

s t a n d a r d i z a t i o n  o f  c a r r i e r s .  



C ; *AGENTS' AND MATERIALS (Cont 'I d )  

5.  . I r o n  c a r r i e r  (10 m g / m l )  - C a r r i e r  has  been .  added ,  i n  

Method RC-10 .S t ep  D - 1 .  

6 .  0.5N Hydrochlor ic  Acid - .Measure 41.5 o f  concen t r a t ed  

hyd roch lo r i c  a c i d  and d i l u t e  t o  1 - l i t e r  w i t h  wa te r .  

7. Hydrogen S u l f i d e  - One l a b o r a t o r y  s i z e  c y l i n d e r  o f  H S .  
2 

I 

8.  T a r t a r i c  Acid ( s a t u r a t e d  s o l u t i o n )  - Disso lve  2 1  gms of 

t a r t a r i c  a c i d  i n  100. m l  o f  wa te r .  

NOTE: Excess s o l i d s  should  be p r e s e n t  

9 .  6~ Ammonium Hydroxide - Measure 3058 m l  o f  concen t r a t ed  

ammonium hydroxide ( N H ~ O H )  and d i l u t e  t o  1 - l i t e r  w i t h  wa te r .  
, . 

. . 
10 .  '. 12.1N Hy.droch1ori.c Acid - Concentra ted '  hyd roch lo r i c  a c i d  

,11. 15:TN.Ni t r i c  Acid - concen t r a t ed  hi. . tric a c i d  (HNO ) .  3 

1 2 .  6~ HydPochloric Acid - - ~ e a d u r e  '250..ml o f  concen t r a t ed  

hyd roch lo r i c  a c i d  and. mix w i t h .  250 m i  o f  w a t e r .  

13. Coba l t  c a r r i e r  (10  mg/ml) - Refe r  t o  S e c t i o n  I1 on 

s t a n d a r d i z a t i o n .  o f  c a r r i e r s .  

14 .  I soprophyl  E the r  

15. 1 4 . 8 ~  Ammonium Hydroxide - Concentra ted ammonium hydroxide ,  



PROCEDURE 

1. Place  ,a 50 m l  c e n t r i f u g e  cone under ' the  column used i n  

Erocedure RC-10 .' 

2.  E l u t e  t h e  i r o n  w i t h  10  m l  of  (1-19) hydroch lo r i c  a c i d  

H C 1  from S tep  D-10. i n .  Procedure RC-10. 

3. To the  e l u a t e ' a d d  10 drops  o f  copper  c a r r i e r  and add 

O . 5 N  hydroch1,oric a c i d  t o  b r ing  f i n a l  volume t o  20 m l .  

4 .  S a t u r a t e  w i th  hydrogen s u l f i d e  ( H ~ s )  f o r  1 minute.  

NOTE: P lace  a  smal l  bore g l a s s  t u b i n g  i n  t he  

s o l u t i o n  and bubble t he  H2S through t h e  

s o l u t i o n .  

5. , Cen t r i fuge  f o r  two minutes  and d i s c a r d  t h e  p r e c i p i t a t e  

t o  t h e  r a d i o a c t i v e  wasbe. 

6 .  Add 2  m l  s a t u r a t e d  t a r t a r i c  a c i d  ( ~ 6 ~ ~ 0 ~ )  s o l u t i o n  and 

make b a s i c  'wi th  6~ ammonium hydroxide ( N H ~ O H )  and r e p e a t  

s t e p  D-4. 

NOTE: Bring the  pH t o  8 wi th  NH4OH (u se  pH p a p e r ) .  

7. Cent r i fuge  f o r  two minutes and d i s c a r d  t h e  superna te  

t o  r a d i o a c t i v e  was te .  

8 .  , Wash t h e  p r e c i p i t a t e  w i t h  10 m l  of  wa te r  and r e p e a t  

S t ep  D-7. 



D . ' PROCEDURE (Cont Id) 

9 .  Disso lve  t h e  p r e c i p i t a t e  i n  2 m l  o f  concen t r a t ed  hydro- 

c h l o r i c  a c i d  ( H C ~ )  p l u s  4  d rops  of  concen t r a t ed  n i t r i c  a c i d  

(HN03) and b o i l  t o  n e a r  d rynes s .  

1 0 .  Br ing  t h e  volume t o  15 m l  w i t h  6~ hydroch lo r i c  a c i d  

( H C ~ )  and add 3 drops  o f  c o b a l t  c a r r i e r  and t r a n s f e r  t h e  s o l u -  

t i o n  t o  a  125 m l  s e p a r a t o r y  f u n n e l .  

11. Add 15 m l  .of  i s o l p r o p h y l  e t h e r  and shake f o r  1 minute .  

CAUTION: Take c a r e  t o  open t h e  s topcock of  t h e  s e p a r a t o r y  

f u n n e l  d u r i n g . e x t r a c t i o n . s t e p s  t o  r e l i e v e  exces s  p r e s s u r e .  

12 .  Repeat s t e p  D - 1 1 .  

13. Combine t h e  g reen ish-ye l low e t h e r  l a y e r s  and wash once 

w i t h  15 m l  o f  6~ hydroch lo r i c  a c i d  ( H C ~ ) .  

1 4 .  Back e x t r a c t  t h e  i r o n  w i th  two 1 0  m l  p o r t i o n s  o f  wa te r .  

15. T r a n s f e r  t h e  two 1 0  m l  ' e x t r a c t  p o r t i o n s  i n t o  a  t a r e d  

p o r c e l a i n  c r u c i b l e  and add concen t r a t ed  ammonium hydroxide 

' (NH40~)  u n t i l  brown ( ~ e  ( 0 ~ ) ~ )  p r e c i p i t a t e s .  
. J  

16 .  Evaporate  t o  d rynes s  under a n  i n f r a - r e d  lamp. 

17. I g n i t e  i n  a . m u f f l e  fu rnace  a t  700' C f o r  15 minutes .  

- .  

18. Cool i n  a  d e s i c c a t o r  and weigh t h e  c r u c i b l e  and p re - ,  

c i p i t a t e  ( ~ e ~ 0 3 )  on a n  a n a l y t i c a l  balance t o  t h e  n e a r e s t  0 . 1  mg. 
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19.  S u b t r a c t  , t he  , t a r e  weight of  the  c r u c i b l e  t o  o b t a i n  

the  weight of  the  p r e c i p i t a t e .  

20. Mount t h e  p r e c i p i t a t e  on a s u i t a b l e  ho lde r .  

21. With a  gamma-ray spectrometer ,  rad ioassay  t h e  p r e c i p i t a t e .  

E .  . CALCULATIONS ' 

The i r o n  a c t i v i t y  c h a r a c t e r i s t i c s  a r e  a s .  fo l lows:  

Half -Life 

45 days 

Gamma -Ray 
Energy, Mev. 

1. Determine the  d i s i n t e g r a t i o n  r a t e  f o r  Iron-59 by 

determining a rea  under t h e  1 .097 Mev. photopeak. 
/ 

2 .  The d i s i n t e g r a t i o n  r a t e  of  Iron-59 i s  c a l c u l a t e d  using 

the  equat ion:  

dpm-ml = C 
. . (V') (E,) (Fy) 



where : 

C = Counts per . .minute  f o r  Fe-59, c o r r e c t e d  f o r  

bac.kground counter  .and e x t r a p o l a t e d  back t o  

sampling .time . 

E = Counting e f f i c i e n c y  

NOTE.:   hi's .fat t o r  should inc lude  t h e  

f r a c ' t i o n a l  abundance of t h e  

gamma -ray and t h e  photopeak 

d e t e c t i o n  e f f i c i e n c y .  

- Fy = F r a c t i o n a l  chemical y i e l d  . f o r  s e p a r a t i o n . .  ( s e e  

Method. RC-10 Step  .D-1  f o r  original c o n c e n t r a t i o n  

of i r o n  c a r r i e r  ,added) .  



A .  SUMMARY OF METHOD 

Method No. ..Rc'-8 - 

Chromium i s  ox id ized  t o  chromate, scavenged w i t h  i r o n  hy- 

d rox ide  ( F e ( 0 ~ )  ) t o  remove i m p u r i t i e s  t hen  p r e c i p i t a t e d  'as  3 
BaCrO4. 

B. APPARATUS 

1 Normal l a b o r a t o r y  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 .  Glass  F i b e r  F i l t e r  - 1 i n c h  d i ame te r  x  0 .01  i nches  t h i c k  

should be used .  A n y ' s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  provided 

i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa t e ly  and ma in t a in s  c o n s t a n t  

weight  t o  . -  + 0.01 . _ mg dur ing  . f i l t r a t i o n  .and d ry ing .  

3. F i l t e r  Holder -   he' f i l t e r  h o l d e r  must hold t h e  1 inch  

f i l t e r s  r i g i d l y  i n  p l ace  d u r i n g  f i l t r a t i o n .  

4 .  Des i cca to r  - The d e s i c c a t o r  must hold f o u r  1 i n c h  d i ame te r  

f i l t e r s  s i m i l a r  t o  F i s h e r  No. 8-615. 

Oven - Oven should be g r a v i t y  convect ion type and be a b l e  59 - 
t o  supply'.-uniform .hea t  ' i t  i l o O  c t o  a  - + 0 . 5 ~  C .  ( ~ i s h k r  No. 

6 .  A n a l y t i c a l  Balance - It should '  be capab le  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg. 



CHROMIUYI-51 

B. APPARATUS ( ~ o n t  I d )  

7 .  Gamma-Ray Spectrometer  - A sodium i o d i d e  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e . a m p 1 i f i e r  

and pu l se  h e i g h t  a n a l y z e r .  

8. Cen t r i fuge  - A . c l i n i c a l  c e n t r i f u g e  s h a l l  be used.  The 

head should accomodate 50 m l  c e n t r i f u g e  t ubes .  

9 .  The fo l lowing '  a d d i t i o n a l  s u p p l i e s  a r e  needed : 

a .  50 m l  c e n t r i f u g e  t ubes  

b .  250 m l  beaker  

C . REAGENTS AND MATERIALS 

1. Reagent g rade  chemicals  s h a l l  be used t o  p repare  r e a -  

g e n t s .  Unless  oLlierwise i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  con- 

form t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee on A n a l y t i c a l  

Reagents of t h e  American Chemical S o c i e t y .  Other  r e a g e n t s  

may- be used,  provided they  a r e  of s u f f i c i e n t  p u r i t y  t o  g ive  

t h e  same accuracy .  

2 .  P u r i t y  of  Water - A l l  wa t e r  used i n  p repa r ing  t h e  r e a -  

g e n t s  and i n  d i l u t i n g  t h e  samples s h a l l  be deminera l ized  

wa te r  and conform t o  t h e  s p e c i f i c a t i o n  f o r  Reagent wa te r  

3 .  Chromium C a r r i e r  ( 1 0  mg/ml) - See' s e c t i o n  I1 on . s t an -  

d a r d i z a t i o n  of c a r r i e r s .  
-214- 



CHROMIUM-51 

I c . . REAGENTS -AND MATERIALS (.Con t d  ) 

4. Barium N i t r a t e  ( s a t u r a t e d  s o l u t i o n )  - Disso lve  .10 grams 

b a r i u m n i t r a t e  B ~ ( N O ~ ) ~  i n  100 m l  wa te r .  

NOTE: Excess s o l i d  should be p r e s e n t .  

5. . 1 M  Ammonium Aceta te  - -Disso lve  7.7 grams of ammonium 

a c e t a t e  i n  100 m l  of  wa te r .  

6 .  I r o n  C a r r i e r  ( 1 0  mg/mll )  - See S e c t i o n .  I1 on s t a n d a r d i z a -  

t i o n  of c a r r i e r .  

7 .  3N Potassium Hydroxide .-: Disso lve  88 grams i n  500 m l  of 

wa te r  . 

8. Phenolph tha le in  - Disso lve  1 gram of phenolph tha le in  i n  

50 m l  of a l c o h o l  and add 50 m l  of wa te r .  

9. Potass ium Bromate (KBrO3)--Solid c r y s t a l s .  

10 .  12.1N Hydrochlor ic  Acid - Concentra ted hyd roch lo r i c  

a c i d  ( H C ~ ) .  

D .  PROCEDURE 

. .- . 

1. Add 2 m l  chromium and i r o n  c a r r i e r  t o  t h e  sample t o  be 

analyzed f o r  chromium-51. 

2. Add . 1 o r  2 .d rops  .of phenolph tha le in  s o l u t i o n .  



.CHROMIUM-51 

D.  . PROCEDURE ( ~ o n t  ' d )  

3. Add potassium hydroxide (KOH)  t o  t h e  phenolph tha le in  

end-point  and h e a t  t o  coagu la t e  t h e  p r e c i p i t a t e  f o r  1 o r  

2  minutes .  

4 .  Allow t o  s e t t l e  b r i e f l y  f o r  .5 t o  1 0  minutes  and glecant 

most of , t h e  : supe rna t an t  l i q u i d  t o  r a d i o a c t i v e  ' waste .  

5. T r a n s f e r  t he  s o l u t i o n  con ta in ing  t h e  p r e c i p i t a t e  t o  a 

50 m l  c e n t r i f u g e  tube  ,a,nd c e n t r i f u g e . f o r  2 minutes  and d i s -  

card  supe rna t e  t o  r a d i o a c t i v e  waste .  

6 .  D i s so lve  t h e  p r e c i p i t a t e  w i t h  4-6 drops  of concen t r a t ed  

hyd roch lo r i c  a c i d  ( H C ~ )  ( 1 2 . 1 ~ ) .  

7. Add 15 ml of wa te r  and approximately  0 . 1  gram potass ium 

bromate (KBr03) c r y s t a l s .  

8. P l ace  t he  c e n t r i f u g e ,  tube  . i n t o  a  beake r  of b o i l i n g  wa te r .  

B o i l  f o r  .approximately  .1.0 minutes  t o  o x i d i z e  chromium , t o  chro-  

9 .  Repeat s t e p s  D-2.and D - 3  and c e n t r i f u g e  f o r  2 minutes  

and d i s c a r d  supe rna t e  t o  r a d i o a c t i v e  waste .  

10 .  Add 4  m l  s a t u r a t e d  barium n i t r a t e  B ~ ( N O ~ ) ~  and 4 m l  of 
. . 

1 M  ammonium . a c e t a t e .  



PROCEDURE ( ~ o n t  ' d )  

l1'. Cent r i fuge  f o r  2 minutes and d i s c a r d  superna te  t o  

r a d i o a c t i v e  waste .  

NOTE': The p r e c i p i t a t e  formed i s  barium chromate BaCr04. 

12 .  Disso lve  the  BaCrOq i n  approximately  6  d rops .  of  con- 

c e n t r a t e d  hydrochlor ic  a c i d  H C 1  p l u s  10 m l  wa te r ,  d i l u t e  

t o  30 m l  and r e p r e c i p i t a t e  wi th  5  m l  ammonium a c e t a t e  and 

5 m l  barium n i t r a t e .  

13. F i l t e r  w i th  s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed 

g l a s s  f i b e r  f i l t e r  p l aced  i n  t h e  f i l t e r  h o l d e r .  

1 4 .  Rinse t h e  c e n t r i f u g e  tube  wi th  e t h y l  a l c o h o l  and 

pour t h e  r i n s i n g s  through t h e  f i l t e r .  

1 Wash the  p r e c i p i t a t e  w i t h  approximately  10 m l  et ,hyl  

a l c o h o l  and 10  m l  of  d i e t h y l  e t h e r .  

16 .  P lace  t h e  f i l t e r  . con ta in ing  the  p r e c i p i t a t e  i n  an 

oven and d ry  a t  1 1 0 ~ ~  f o r .  10-15 minutes .  Cool i n  a  

d e s i c c a t o r  f o r  10-15 minutes .  

17 .  Weigh the  f i l t e r  and p r e c i p i t a t e  on a n  a n a l y t i c a l  

balance t o  t h e  n e a r e s t  0 . 1  mg. 

18. S u b t r a c t  t h e  t a r e  weight of  t h e  f i l t e r  t o  o b t a i n  t h e  

weight o f  t h e  p r e c i p i t a t e .  
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.19. Mount t h e  f i l t e r  on a  s u i t a b l e  h o l d e r .  

I NOTE: . S u i t a b l e . h o l d e r s  a r e  de sc r ibed  by Overman and Cla rk  

20. With a  gamma-ray spec t rometer ,  r ad i0assa .y  t h e .  p r e c i -  
I 

I p i t a t e .  

I E. . CALCULATIONS 

The chromium a c t i v i t y  i s  p r i m a r i l y  composed of  27.8 day 

h a l f - l i f e  chromium-51. 

I -1. Determine t h e  d . i s i n t e g r a t i o n  r a ' t e  by d e t e r m i n i n g  , a r e a  

under  t h e  0.32 Mev photopeak . f o r  C r - 5 1 .  
I 

r 

. 2 .  P l o t  - a ' . decay  curve on semilog paper of t h e  c o r r e c t e d  11 
co,untg&per minute ve r sus  tiine. 

NOTE::' . A decay curve should  be t aken  over  .a pe r iod  of 2 - ,  

3 weeks (sample should be counted a t  a  minimum of 

a 2 t imes  a  week over  a  per iod  of 2-3 weeks) and 
I 

e x t r a p o l a t e d  back t o  sampling t ime.  

. . . . 

.3 .  The d i s i n t e g r a t i o n  r a t e  of chromium-51 is  c a l c u l a t e d  

u s i n g  . t he  equa t ion  : 

b dpm-rnl = ( V )  ( E )  ( F ~ )  
. . 



CHROMIUM-51 

E.  CALCULATIONS (Cant ' d ) 

where : 

C = counts  pe r  minute,  c o r r e c t e d  f o r  background counts  and 

e x t k a p o l a t e d . b a c k  t o  sampling t ime.  

E = Counting e f f i c i e n c y .  

F  = F r a c t i o n a l  chemical  yie1,d f o r  t h e  , s e p a r a t i o n .  
Y 

V = Volume Qf;.:sample sin .a. 



Method' No. : RC-9 

SUMMARY OF METHOD 

Sodium i s  s epa ra t ed  a s  t h e  c h l o r i d e  a f t e r  scavenging t h e  

s o l u t i o n  w i t h  s t ron t ium,  lanthanum a n d ' i r o n  c a r r i e r s .  

B.  APPARATUS 

1. Normal l a b o r a t o r y  g lassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 .  .G la s s  F i b e r  F i l t e r  - 1 i n c h  d i ame te r  x 0 .01  i n c h e s  

t h i c k  should be used .  Any s i m i l a r  f i l t e r  . w i l l  be . s u i t a b l e  

provided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa t e ly  and main- 

t a i n s  c o n s t a n t  weight  t o  - + 0 .01  mg d u r i n g  f i l t r a t i o n  .and 

d r y i n g .  

3.  F i l t e r    older - The f i l t e r  h o l d e r  must hold t h e  1 i n c h  

f i l t e r s  r i g i d l y  i n  p l ace  d u r i n g  f i l t r a t i o n .  

4 .  ~ e s i c c a t o r  - The d e s i c c a t o r  must hold  f o u r  1 i n c h  

d i ame te r  f i l t e r s  s i m i l a r  t o  F i s h e r  No. 8-615. 

5. O v e n -  Oven should be g r a v i t y  convect ion type  a n d  be 

a b l e  t o  supp ly  uniform h e a t  a t  110° C t o  a . +  - 0.5' C .  

 i is her No. 13-244-1 o r  e q u i v a l e n t ) .  

6 .  A n a l y t i c a l  Balance - 1 t . s h o u l d  b.e capab le  t o  weigh t o  

t h e  . , n e a r e s t  0 . 1  .mg. 
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B.. APPARATUS (cont.l;d) 

7. '  Gamma-Ray Spectrometer  - A sod ium i o d i d e  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e  a m p l i f i e r  

and pu l se  h e i g h t  a n a l y z e r .  

8. . Centr ' i fuge - A . c l i n i c a l  c e n t r i f u g e  . s h a l l  ,be  ,used.  . The 

head should accommodate 50 m l  c e n t r i f u g e  t u b e s .  

9 .  T h e  fo l l owing  a d d i t i o n a l  s u p p l i e s  a r e  needed : ' 

a .  - 250 m l  beaker  

b .  .Hot p l a t e  

.c . .  50 m l  c e n t r i f u g e  t u b e s  

d .  . I 2 5  m l  Erlenmeyer f l a s k  

C .  . mAGENTS .AND MATERIALS 

1. .Reagent g rade  chemicals  s h a l l  be ,used t o  p repa re  r e a -  

g e n t s .  U n l e s s  o therwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  

conform t o  t'he s p e c . i f i c a t i o n s  of t h e  Committee o f  A n a l y t i c a l  

Reagents of t h e  American Chemical Soc i e ty .  Other  . r e a g e n t s  

may be used,  provided t h e y  a r e  of s u f f i c i e n t  p u r i t y  t o  

g i v e  t h e  same accuracy.  

2. P u r i t y  of Water - A l l  wa t e r  used i n  p repa r ing  t h e  r e a -  

g e n t s a n d  i n  d . i l u t i n g  t h e , s a m p l e s  s h a l l  be deminera l ized  

wa te r  and conform t o  the  s p e c i f i c a t i o n  f o p  Reagent Water 

(ASTM Des igna t ion  D 1193). 
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, C .  REAGENTS AND .MATERIALS ( ~ o n t  ' d )  

3. Sodium C a r r i e r  (lO.mg/rnl) - - R e f e r  t o  Sec t ion  I1 on s tand-  

a r d i z a t i o n  of c a r r i e r s .  

4 .  Stront ium C a r r i e r  (10 mg/ml) - Refer  t o  Sec t ion  I1 on 

s t a n d a r d i z a t i o n  of c a r r i e r s .  

5 .  Lanthanum C a r r i e r  (10 mg/ml) - Refer  t o  Sec t ion  I1 on 

s t anda rd iza t ion .  .of  c a r r i e r s .  

6 .  I r o n  C a r r i e r .  (10 mg/ml) - Refer  t o  Sec t ion  I1 on s tand-  

. a r d i z a t i o n  of c a r r i e r s .  

7. Sa tu ra t ed  Ammonium Carbonate So lu t ion  - Dissolve 35 grams 

( N H ~ )  2 ~ ~ 3  H20 i n  100 m l  .water.  

NOTE: . Excess s o l i d s  should be . p r e s e n t .  . . 

8 .  ( 1 2 . 1 ~ )  ~ y d r o c h l o r i c  ~ c i d  - Concentrated hydrochlor ic  

a c i d  ( H C ~ ) .  

9. Ether  

Do . PROCEDURE 

1. Add. sample to ,  be .  analyzed f o r  sodium t o  a 250 m l  beaker.  

2 .  Add 2  . m l  sodium c a r r i e r  t o  t h e  coolan t  sample and eva- 

po ra t e  on a '  ho t  p l a t e  t o  about 25 m l .  



3 .  T r a n s f e r  t o  a  50 m l  c e n t r i f u g e  tube  ,and add 5 drops  

each of  s t ron t ium,  lanthanum and i r o n  c a r r i e r s .  

4. Add a  . sa tu ra t . ed  , ammonium carbona te  . s o l u t i o n '  dropwise 

u n t i l  no more i r o n  hydroxide forms.  

NOTE: This  ipon hydroxide when formed w i l l  be a  brown 

g e l a t i n o u s  p r e c i p i t a t e .  

5. Cen t r i fuge  f o r  two minutes  and t r a n s f e r  t h e  supe rna t e  

t o  a  125 ml Erlenmeyer f l a s k .  

6 .  Add 2 m l  concen t r a t ed  hyd roch lo r i c  a c i d  ( H C ~ )  and 

evapora te  t o  d rynes s  u s i n g  .a h o t  p l a t e .  

7 .  Disso lve  t h e  r e s i d u e  w i t h  2 m l  o f  wa te r  and us ing , -10  

m l  of concen t r a t ed  hyd roch lo r i c  a c i d  ( H C ~ ) ,  t r a n s f e r  t h e  

d i s s o l v e d  s o l u t i o n  t o  a  50 m'l c e n t r i f u g e  tube .  

8. Cool t h e  c e n t r i f u g e  . i n  an i c e  b a t h  and w i t h  v igorous  

s t i r r i n g  :add 1 0  m l  e t h e r .  Continue t o  s t i r  f o r l - 2  min- 

u t e s .  

9 .  Cen t r i fuge  f o r  2 minutes  and d i s c a r d  t h e  supe rna t e  

10 .  . Disso lve  . the  whi te  p r e c i p i t a t e  - i n  2 m l  o f  wa te r  and 

add 10 ml of concen t r a t ed  hyd roch lo r i c  a c i d  ( H C ~ ) .  



D. PROCEDURE ( ~ o n t ' d )  

1 

11. Repeat s t e p  D-8. 

12. F i l t e r  w i t h  s u c t i o n  the  p r e c i p i t a t e  on to  a  weighed 
1 

g l a s s  X'iber f i l t e r  placed i n  t h e  f i l t e r  h o l d e r .  

13. Rinse t h e  c e n t r i f u g e  tube w i t h  e t h y l  a l c o h o l  and 

pour t h e  r i n s i n g s  through t h e  f i l t e r .  

14.  Wash, t h e  p r e c i p i t a t e  w i t h  approximately  10 m l  e t h y l  

a l c o h o l  and 1 0  m l  of d i e t h y l  e t h e r .  

15. P l a c e  t h e  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n  an 

oven and d r y  a t  110' C f o r  10-15 minutes .  Cool i n  a  d e s i c -  

c a t o r  f o r  10-15 minutes .  

16. Weigh t h e  f i l t e r  and p r e c i p i t a t e  .on an  a n a l y t i c a l  

ba lance  t o  t h e  n e a r e s t  0.1 mg. 

17 .  S u b t r a c t  t h e  t a r e  weight  o f  t h e  f i l t e r  t o  o b t a i n  t h e  

weight  of t h e  p r e c i p i t a t e .  

18. Mount. t h e  . f  i 1 t e . r  on a , s u i t a b l e  ho1de.r. 

NOTE: S u i t a b l e  h o l d e , r s  a r e  de sc r ibed  by Overman and Cla rk  
. - 

i n  " ~ a d i o i s o t o p e  ~ e c h n i ~ u e s ' ,  McGraw-Hill, 1960. 

19. With a  gamrna-ray spec t rome te r ,  r ad ioas say  t h e  p r e c i -  

p i t a t e .  



E'; CALCULATIONS 

The sodium a c t i v i t y  i s  p r i m a r i l y  composed of 15.0 hour  

h a l f  - l i f e  sodium-24. 

1. . Determine . t h e  d . i s i n t e g r a t i o n  r a t e  by de te rmin ing  :area  

under  t h e  2 .75 Mev photopeak f o r  ~ a - 2 4 .  

2 .  P l o t  a  decay curve on semilog paper  of  t h e  c o r r e c t e d  

counts  p e r  minute %versus  t ime.  

NOTE.: . A  decay cur've , should  be t aken  .over a  .pe r iod  of 

s e v e r a l  hours  (sample should be c ~ u n t e d  a t  a  'mini-  

> 
.mum of 1-t ime a  day over  a  period of f o u r  d a y s )  

and e x t r a p o l a t e d  back t o  sampling . t ime.  

3. .The d i s i n t e g r a t i o n  r a t e  .of sodium-24 i s  c a l c u l a t e d  

u s i n g  t h e  equa t ion  : 

'where : 

C = c o u n t s  .; p e r  . minu te ,  c o r r e c t e d  f o r  background counts  

and e x t r a p o l a t e d  back t o  sampling t ime.  

E = Counting e f f i c i e n c y .  

F~ = F r a c t i o n a l  chemical  y i e l d  f o r  t h e  s e p a r a t i o n .  

V = Volume of sample i n  - m l .  
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COBALT. METHOD 

(Cobal t  58 and 60) 

Method .No. 

A .  SUMMARY OF METHOD 

,Cobal t .  58. and 60 a r e  . s e p a r a t e d .  from. o t h e r  a c t i v i t i e s  by use 

o f  a n  ion-exchange column. The . s epa ra t ed  c o b a l t  i s  p u r i -  

f i e d  .and. p r e c i p i t a t e d  . a s  potass ium c o b a l t i n i t r i t e .  % The 

sepa ra t ed  c o b a l t  i s  t hen  gamma counted u s i n g . a  gamma-ray 

- spec t rometer .  

APPARATUS - B. 

1. . Normal l a b o r a t o r y  giassware  i s  r e q u i r e d  . f o r  t h i s , w o r k .  

2 .  Glass F i b e r . F i l t e r  - 1 i n c h  d iameter  x  0 .01  inches  

t h i c k  should be used.  Any. s i m i l a r  . f i l t e r  w i l l  be s u i t a b l e  

provided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa te ly  and. main- 

ba ins  c o n s t a n t  weight t o  t 0 . 0 1  mg d u r i n g . f i l t r a t i o n , a n d  

d ry ing .  

3. F i l t e r  Holder - The f i l t e r  h o l d e r  must hold  t h e  1 i n c h  

f i l t e r s  . r i g i d l y  i n  p l a c e  du r ing  f i l t r a t i o n .  

NOTE: Care should be taken  t o  c l e a n  t h e ' h o l d e r  thoroughly 

between f i l t r a t i o n s  t o  p reven t  c ross -contamina t ion .  

4. Des icca to r  - The d e s i c c a t o r  must hold  f o u r  1 inch  

d iameter  f i l t e r s  s i m i l a r  t o  F i s h e r  No. 8-615. 

5 .  Oven , - oven should be g r a v i t y  convec t ion  t y p e  a n d  be 



COBALT METHOD 

( c o b a l t  58 and 60)  . . 

B. APPARATUS ( ~ o n t ' d )  

a b l e  t o  supply uniform h e a t  a t  110'~ t o  a  t 0 . 5 ~ ~ .   ishe her 

No. 13-244-1. o r  e q u i v a l e n t .  ) 

6 .  Ana ly t i ca l  Balance - ..It should.  be capable  t o  weigh 

t o  the  n e a r e s t  0 . 1  mg. 

7 .  Gamma-Ray Spectrometer , -  A .  sodium iod ide  s c i n t i l l a t i o n  

d e t e c t o r  assembly.  connected t o  the  a p p r o p r i a t e .  a m p l i f i e r  

a.nd ' p u l s e I  h e i g h t  ana lyze r .  

8 .  Cent r i fuge  - A c l i n i c a l  c e n t r i f u g e . s h a l 1  be used.  The 

head should accommodate 50 m l  c e n t r i f u g e  tubes .  

9. Resin Column -.Make .ou t  of g l a s s  t ub ing  o r  purchase 

from Corning. Glass Co . 

10 .  , The fo l lowing  a d d i t i o n a l  s u p p l i e s , a r e  needed: 

a.. 50 m l  c e n t r i f u g e  tubes  

' b .  250 m l  beakers 

REAGENTS AND MATERIALS 

1. Reagent grade chemicals s h a l l  be used t o  p repa re  . r e a -  

g e n t s .  Unless o therwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  con- 

form t o  the  s p e c i f i c a t i o n s  o f  t h e  Committee of A n a l y t i c a l  

Reagents of the  American Chemical Soc ie ty .  Other  r e a g e n t s  

may be used, provided they. a r e  o f  s u f f i c i e n t  p u r i t y  t o  give 



, COBALT ' METHOD 

(Cobal t  58 and 60) 

. C .  REAGENTS AND MATERIALS ( ~ o n ' t )  

t he .  same accuracy.  

2 .  . P u r i t y  o f  Water - A l l  wa te r  used i n  p r e p a r i n g  t h e  

r e a g e n t s  and i n  d i l u t i n g  t h e  samples s h a l l  be deminera l ized  

w a t e r . a n d  conform t o  t he  s p e c i f i c a t i o n  f o r  Reagent Water 

(ASTM Des igna t ion  . D  1193) . 

3. (1-2)  Acet ic  Acid - Mix 1 volume of  17.4N g l a c i a l  

a c e t i c  a c i d  w i th  2  :volumes o f  wa te r .  

4. . 1 4 . 8 ~  ..Ammonium Hydroxide - Concentrated .ammonium 

hydroxide ( N H ~ O H )  . 

5. , Anion. Exchange Resin  - 100.  t o  200 mesh, 4  p e r c e n t  c r o s s -  

l i n k e d  s t r o n g l y  bas i c  r e s i n  i n  c h l o r i d e  form. 

6 .  ' Cobal t  , C a r r i e r  . l o  mg/ml  - Refer  t o  s e c t i o n  I1 o n .  s t and -  

. a r d i z a t i o n  of  c a r r i e r s .  

7 .  Chromium C a r r i e r  10 mg/ml - Refer  t o  S e c t i o n  I1 on 

s t a n d a r d i z a t i o n  .of  c a r r i e r s .  

8.. I r o n  C a r r i e r  1 0  mg/ml - Refer  t o  S e c t i o n  I1 on s t and -  

a r d i z a t i o n  .of c a r r i e r s .  

9 .  Manganese C a r r i e r  10 mg/ml - Refer  t o  S e c t i o n  I1 on 

s t a n d a r d i z a t i o n  o f  c a r r i e r s .  



- (.Cobalt. 58 and 60) 

C .  REAGENTS AND MATERIALS ( c o n t l d )  

10 .  . Nickel C a r r i e r  . l o -  mg/ml - Refer  t o  Se.ction ,II. on s tand-  

. a r d i z a t i o n  of  c a r r i e r s .  

11. Zlnc C a r r i e r  -10 mg/ml - Dissolve 10 gms. of  z inc  i n  the  

minimum q u a n t i t y .  of  2N hydroch lo r i c .  a c i d .  and . d i l u t e  t o  1- 

. . . l . i t e r  wi th  water .  

12 .  12.1N. Hydrochloric ,Acid - Concentrated hydrochlor ic  

. a c i d  ( H C ~ ) .  

13. (1-1) Hydrochloric Acid -.Mix 1 volume of concent ra ted  

hydrochlor ic  a c i d  - w i t h  1 volume of water .  

1 4 .  (30 p e r c e n t )  Hydrogen Peroxide - Concentrated hydrogen 

peroxide ( ~ ~ 0 2 )  . 

15. Potassium Hydroxide So lu t ion  - Dissolve 165 gms of 

potassium hydroxide KOH i n  500 m l  of  water .  

16 .  S o l i d  Potassium ~ i t r ' i t e  KN02 - C r y s t a l s s h o u l d  be used. 

17.  (1-10) .Potassium Hydroxide - .Mix 1 volume of C - 1 5  s o l &  

t5on with. . lO volumes of  water .  

18. 3 6 . 0 ~  S u l f u r i c  Acid - C o n c e n t r a t e d . s u l f u r i c  a c i d  

(H2SO.Q) 



(Cobal t  58 and 60) 

D . . . PROCEDURE 

1. Add t o  the  sample 2  m l  each of  t h e  fol~lowing c a r r i e r s :  

c o b a l t ,  chromium, i r o n ,  manganese, n i c k e l  and z i n c .  

2 .  . Add. 5 m l .  of  c o n c e n t r a t e d .  s u l f u r i c  a c i d  H2S04 and d i g e s t  

on a  ho t  p l a t e .  (Diges t  t h e  s o l u t i o n  t o  approximately 5  m l .  ) 

3. , Trans fe r  t he  s o l u t i o n  t o  a  . 5 O  m l  c e n t r i f u g e  tube ,and 

d i l u t e  w i t h . w a t e r  t o  approximately 10  m l .  

4 .  Add (1-10) potassium hydroxide s o l u t i o n  u n t i l .  p r e c i p i -  

t a t i o n  i s  complete. Then a d d .  2  ,drops  of hydrogen peroxide 

H202 

5 .  ' Cent r i fuge  f o r  2 minutes and d i s c a r d  t h e  superna te  t o  

t he  rad ioac6ive  waste .  

6 .  ,. Wash t h e  p r e c i p i t a t e  . w i t h - w a t e r  and r e p e a t  s t e p  D - 5 .  

NO,TE: Repeat t h i s  s t e p  only.  once.  

7.   is solve the  p r e c i p i t a t e  ' i n  10 m l  of  concent ra ted  hydro- 

c h l o r i c .  a c i d  ( H C ~ )  and evaporate  t o  nea r  dryness .  Allow t o  

cool  .and d i s s o l v e  t h e  r e s idue  i n  10 m l  of concent ra ted  hydro- 

c h l o r i c . a c i d  ( H C ~ ) .  

8 .  Prepare  a  column about  1 cm i n  d iameter  and.  10  cm. long  

. o f  C - 5  anion.exchange r e s i n  suspended t n  hydrochlor ic  a c i d  

( H C ~ ) .  . Wash the  r e s i n  wi th  50 m l  c0ncentrate.d hydrochlor ic  

-.23 o- 



COBALT .'.METHOD 

( C o b a l t . 5 8 . a n d  60) 

ID. PROCEDURE (Con t ' d )  

a c i d  ( H C ~ ) .  

NOTE: Do n o t  d r a i n  below t h e  t op  of  t he  r e s i n .  

9 .  T r a n s f e r  the sample s o l u t i o n  (D-7) t o  t h e  column.and 

e l u t e w i t h  concent ra ted  lhydrochlor ic  a c i d  ( H C ~ )  u n t i l  t h6  

b lue  c o b a l t  band a lmost  r eaches  t he  bottom of  t h e  r e s i n  

column. 

10 .  E l u t e  t h e  c o b a l t  of  t h e  column by pour ing  (1-1) hydro- 

c h l o r i c  a c i d  ( H C ~ )  through t h e  column and c o l l e c t  t h e  c o b a l t  

i n  a 50 m l  c e n t r i f u g e  tube .  

NOTE: The concent ra ted  hydrochlor ic  a c i d  f r a c t i o n  c o n t a i n s  

. . 
manganese, chromium and n i c k e l  and may be u s e d . f o r  

the  de t e rmina t ion  . o f  t h e s e .  a c t i v i t i e s .  . I ron  , remains  

on t h e  c,olumn. and may be e l u t e d - w i t h .  (1-19) hydro- 

c h l o r i c  a c i d .  

11. Evaporate t he  c o b a l t  s o l u t i o n  t o  d ryness  i n  t h e  cen t r i -  

fuge tube .  Add 1 r n l  o f  (1-1) hydrochlor ic  a c i d  ( H C ~ )  and 

two drops  of  hydrogen.peroxide H202. 

12 .  D i l u t e  t o  10  m l  w i t h . w a t e r . a n d  add concentrated-ammonium 

hydroxide NH40H u n t i l  t h e  s o l u t i o n  i s  b a s i c .  

NOTE: A , .  pink-bro.wn c o l o r  should ap-pear. 

13.. Add 4 drops  of  i r o n  c a r r i e r  -and c e n t r i f u g e  f o r  2. .minutes 



COBALT: METHOD 

( c o b a l t  58 and 60) 

D. PROCEDURE ( ~ o n t ' d )  

and d i s c a r d  t h e  p r e c i p i t a t e  t o  t he  s o l i d  r a d i o a c t i v e  waste .  

1 4 .  . Repeat s t e p  D'13. 

15. Add two drops o f  hydrogen peroxide H202 t o  t h e  s o l u t i o n  

and. warm. 

16 .  Add (1-10) potassium hydroxide KOH s o l u t i o n  dropwise 

t o  t h e  s o l u t i o n . u n t i l  a  p r e c i p i t a t e  forms.  P lace  the  cen- 

t r i f u g e  tube i n . a .  water  b a t h  and b o i l .  

17. Cool and c e n t r i f u g e  f o r  two minutes and d i s c a r d .  t h e  

superna te  t o  t h e  r a d i o a c t i v e  -was te .  

CAUTION .NOTE: C a r e f u l l y  r e t a i n  p r e c i p i t a t e .  

18. . Wash t h e  p r e c i p i t a t e  w i th  (1-10) potass ium.hydroxide 

. . K O H .  s o l u t i o n  and d i s c a r d ,  t he  washings t o  waste .  

' .  19 .  :Dissolve t h e  p r e c i p i t a t e  . i n  . 5  . m l  of (1-2)  . , a c e t i c  a c i d  

- -  'nd d i l u t e .  w i t h .  water  t o  10  m l .  and add 0 .5  gm. of potassium 
. .. 

n i t r i t e  KNOT 

. . 
. . . .  . . 

20. . ' ~ e a ' t  t h e  mixture  t o  nea r  b o i l i n g ,  and coo l '  i n  an  i c e  

ba th  f o r  about 15 minutes .  

21. , F i l t e r  w i th  s u c t i o n  t h e  p r e c i p i t a t e  ,onto a  .weighed 

g l a s s  f i b e r  f i l t e r  p laced i n  the  f i . l t e r  ho lde r .  



COBALT: METHOD 

( c o b a l t  58 and 60) 

D. . PROCEDURE ( ~ o n t  ld) 

22. . Rinse t h e  cen t r i fuge  tube . w i t h .  ekhyl, a l coho i  and pour 

the  r i n s i n g s  through the  f i l t e r .  

231 Wash the  p r e c i p i t a t e .  wi th  .approximately 10 m l  e t h y l  

a l coho l  and 10 m l  of d i e t h y l  e t h e r .  

24. . Place t h e  f i l t e r ;  con ta in ing  the  p r e c i p i t a t e  i n  an. oven 

and d ry  a t  1 1 0 ~ ~  f o r  10 -15 minu tes .  Cool i n  a  d e s i c c a t o r  

25. Weigh the  f i l t e r  .and. p r e c i p i . t a t e  on. an.. a n a l y t i c a l  

balance t o  the  n e a r e s t  0 . 1  mg. 

I 

26. Sub t rac t  the  t a r e  weight of t he  f i l t e r  t o  o b t a i n  t h e  

weight of t he  p r e c i p i t a t e .  

- 1 ,  2 7 . ' ~ o u n t  t h e .  f i l t e r  a n .  a '  s u i t a b l e  ho.1der: . . .  
. . . . 

. . .  - . , . NOTE:  . I .  S u i t a b l e  ho lde r s  a r e  descr ibed  b y  Overman and C l a r k  

. . , , 
, . . . 

28. .With a  gamma-ray. spectrometer ,  rad ioassag  the .  p rec ipb-  

t a t e .  

E . CALCULATIONS 

The c o b a l t  a c t i v i t y  c h a r a c t e r i s t i c s  , a r e  a s  fo l lows:  



( c o b a l t .  58. and.  60) 

ISO tope Half -1if e  
Gamma -Ray 
,Energy, . Mev 

.Cobal t -58 7 1  days  0.808 (100%) 

1. -Determine the  d i s i n t e g r a t i o n  . r a t e  f o r  coba l t -58  by 

. d e t e r m i n i n g  a r e a  under t h e  0 . 8 0 8 , ~ e v  photopeak. 

2 . .  Determine the  d i s i n t e g r a t i o n  . r a t e  f o r  coba l t -60 .  by 

, . d e t e r m i n i n g  a r e a  under t he  1.33 Mev photopeak. 

3. . The d i s i n t e g r a t i o n  . r a t e  of coba l t -58  and 60 i s  ca l cu -  

l a t e d  us ing  t h e  equa t ion :  

P 4  

where : 

C = counts  per .  minute f o r  coba l t -58  and 60 each,  c o r r e c t e d  

f o r  background counts  .and e x t r a p o l a t e d  .back t o  sampling 

time 

E  = count ing  e f f i c i e n c y  
. . 

NOTE: This  f a c t o r  . should inc lude  the  f r a c t i o n a l  

abundance of  the  gamma ray.  and t h e  photopeak 

d e t e c t i o n  . e f f i c i e n c y .  

Fy = f r a c t i o n a l  chemical  y i e l d  f o r  t h e  s e p a r a t i o n  

..V =.volume of  sample inmml. 

-234- 



NICKEL METHOD 
. .  , .. . . . 

. . ' " \  . ' 

. , . . :. '.'. , . 57 - a n d -  6 5 )  .-.: . 

Method No. RC - X 1  

I A,. SUMMARY OF METHOD 

Radionicht=l 1s. smepar,ated i n  Me-thod TIC-fO Step  D-9 us ing  .an 

an ion  r e s i n  column. Th i s  i s  then  ,followed by c o n c e n t r a t i n g  

sthe n i c k e l  by :p rec . ip i ta t ion  .wi th . -potass ium hydroxide.  Scav- 

eng ing  . i s  c a r r i e d  o u t  w i t h . , i r o n  hydroxide ( F ~ ( o H ) ~ ) .  i n  presence 

of  excess  ammonium hydroxide (NHJ,OH) . The : n i c k e l  i s  f i n a l l y  

. ' prec. ipi . ta ted ..as . n i c k e l  dimethylglyoxime. 

B . . APPARATUS 

1. Normal labo'ra t o r y  glassware i s  require .d  f o r  - t h l s  work. 
. . 

2 .  .G las s  F i b e r  . F i l t e r  - 1 i nch  d iameter  -x 0..01 inches. t h i c k  

should be used. .Any s i m i l a r  . f i l t e ' r  , w i l l  be s u i t a b l e  provided 

i t  r e t a i n s  , f i n e  p r e c i p i t a t e s  ;adequately :and .main,tains cons t an t  

3 .  , F i 1 t . e ~  Holder - The f i l t e r  ho1de.r must hold . t h e  1 . inch  

f i 1 t e r . s  r i g i d l y  . i n  p l ace  dur ing  . f i l t r a . t i o n .  
. . 

NOTE: ' care '  s.hould be taken t o  c l e a n  t h e .  h o l d e r  

thoroughly 'between f i l t r a t i o n s  t o  p reven t  

cross-contamina t i o n .  

4 .  Desicca.tor - The des:icc.ator shou ld .ho ld  1 inch  d,.iameter 

. f i l t e . r s  s i m i l a r  . t o  F i s h e r  No. 8-615. 



DTTCKRTl - AND 6'5 

B. .APPARATUS ( ~ o n t  'd.) 

5 .  .Analytica:l  Balance - -It s h o u l d  be c ,apa i le  t o  w e i a . :  t o  t h e  

nea res t  O..J, mg. 

6. Oven - Oven should be g r a v i t y  convect ion ..type and be .able  

. t b . supp ly  -- uniform hea.t a t  110'~ t o  a  + 0.5' C .   ishe her No. 13- 

.244-.1 o r  e q u i v a l e n t )  . 

7. Gamma-Ray Spectrometer - .A .sodium , iod ide  . s c . i n t i l l a t i o n  de-  , 

t e c t o r  assembly connected t o  the  a p p r o p r i a t e  , ampl i f i e r  and 

p u l s e  h e t g h t  . a n a l y z e r .  

8 .  . C e n t r i f u g e  - A c l i n i c a l  centrifuge . s h a l l  be used.  The head 

- should .accommdda.te 50 m l  c e n t r i f u g e  tubes .  

-. 

9 .  The fo l lowing  a d d i t i o n a l  s u p p l i e s  --%re- needed. 

a )  250 m l  beaker 
. . 

. b )  ' .Hot, p l a t e  

c.) " 50 m l  centr'fuge tubes  

1. P u r i t y  of  Reagents - Reagent grade chemicals s h a l l  be used 

t o  prepare  r eagen t s  . Unless otherwhse i n d i c a t e d ,  a l l  r eagen t s  

s . ha l l  confozm.$o the  s p e c i f i c a t i o n . o . f  t h e  C,ommit$ee of  A n a l y t i c a l  
, .  ' 

Re:agen;bs .of t he  American Chemical .Soc ie ty .  Other  r eagen t s  :may 

be used, provided they a r e  of s u f f i c i e n t  p u r i t y  t o  g ive  t h e  

same .  accuraey . 
-236- 



C .  REAGENTS AND MATERIALS ( ~ o n t ' d )  

2.. . P u r i t y  of Water - A l l  water  .used i n  p repa r ing  : t h e  re:agents 

and i n  d l l u t i n g  t h e  samples s h a l l  be d.emineralized water  and 

conform t o  the  S p e c i f i c a t i o n  f o r  Reagent Water (ASTM ~ e s i ~ n a -  

3.. - ~ i c k e l  C a r r i e r  (10mg/ml) - Refer  t o  S e c t i o n  .I1 on s t a n d a r d i -  

4 .  Cobal t  C a r r i e r  (10 mg/ml.) - Refe,r t o  S e c t i o n  11. on s.tanda.r.d.i- . . 

z a t i o n  of  c a r r . i e r s .  

5 .  I r o n  Carr.ie.r ( 10 mg/ml) , -  Refer  . to  Sect%on I1 on s.tanda.rd.i- 

za t ion .  of  c a . r r i e r s .  

6 .  I N  Potassium Hydroxide - Disso lve  59 gms of potassium hy- 

droxide i n  water  and d i l u t e  t o  1 l i t e r  wi th  wa te r .  

7.  ' ' . .phenolphthalein  I n d i e a t o r  . -  Disso lve  1 gm o f  phenolphtha le in  

i n  .50 m l  o f  a l coho l  and add .5O m l  o f  wa:te.r. 

. ' 8 .  6~ Hydrochloric Acid - Mix 1 volume o f  . . conc,entrated hydro- 

c h 1 o r . i ~  :acid ' :with 1 volume .of .wate.r. 

g .  1 4 . 8 N  Ammonium Hydroxide - Concentrated ammonium hydroxide 

( N H ~ O H )  . 



NICKEL - 57 AND 65 

REAGENTS AND MATERIALS 

10% Sodium C i t r a t e  S o l u t i o n  - Disso lve  10  gms o f  sodium 

c d i t r a t e  i n  90 m l  o f  wa te r .  
a : 

11. 1% Dimethylglyoxime Reagent - Thi s  s o l u t i o n  can be p u r -  

chased from,Fisher Ch;emical Co. Ca t .  No. SO-D-52. 

. PROCEDURE 

1. T r a n s f e r  t he  e l u a t e  from Method RC-10 S tep  D-9,lto a  250 m l  

beaker .  

2 .  Add 8 drops  o f  i r o n  c a r r i e r  and 1-2 drops  o f  p 'henolphthale in .  

I 3. Add dropwise po t tas ium hydroxide u n t i l  a p ink  c o l o r b a p p e a r s .  

4. Warm t o  coagula te  t he  p r e c i p i t a t e .  

5 .  Cool a n d . a l l o w  p r e c i p i t a t e  t o  s e t t l e  and decant  t h e  c l e a r  

superna,te t o  the  r a d i o a c t i v e  waste .  S l u r r y  t h e  p r e c i p i t a t e  Tnto 

a 50 m l  c e n t r i f u g e  tube .  

6 .  C e n t r i f u g e  f o r  two minutes and d i s c a r d  t h e ,  superna te  t o  

t h e  r a d i o a c t i v e  was te .  
I 

7 .  Disso lve  the  p r e c i p i t a t e  i n .  1 m l  o f  6 N  hydrochlor ic  a c i d  

f ~ ~ 1 )  and d i l u t e  t o  20 m l  w i th  w a t e r .  

8. Heat and add dropwise concent ra ted  ammonium hydroxide u n t i l  

i r o n  i s  p r e c i p i t a t e d  (brown p r e c i p i t a t e  appears-) and add 1 m l  

i n  excess  of ammonium hydroxide t o  d i s s o l v e  n i c k e l  a s  t h e  ammonia 

complex. 



.., , 

D .  PROCEDURE (Cont Id) 

9 .  Cent r i fuge  f o r  two minutes and t r a n s f e r  superna te  t o  a  

. c l e a n  c e n t r i f u g e  tube .  Discar.d t h e  p r e c i p i t a t e  to ' .  t h e  radio-.  

a c t i v e  .was t e .  

10 .  Acidify  t h e .  superna te  w i th  concent ra ted  hydrochlor ic  a c i d .  
. . 

, . , .  . 
' 8  . 

11.:. Add. .approxTmate,l.y 8 drops of ikan:: c . a r r t e r  and r e p e a t  

. S t e p s  D-8 and D-9. 

12 .  To t h e  supernate  add 10 m l  o f  10% sodium c i t r a t e  and 10 

drops of  c o b a l t  c a e i e r .  

13. .:Add.15 m l  dimethylglyoxime r e a g e n t .  

' .  1 .  : Rep-eat S tep  D-6. . . 
, . . . . . . . , .  . 

. .  . . . 

. .  . 
. . . . 

,:, . - . 1 5 .  . . Wash p r e c i p i t a t e  w i t h '  30 m l  o f  water  cbn ta in ing  a  d r o ~  of 
. r 

- . ' :  ammonium hydroxide Y k 4 ~ ~  and r e p e a t  s t e p  D-14. 
. . . , 

t . .. 
, . . .  

. .  16 .  - . ,Dissolve the  n i c k e l  'dimethylglyoxime p r e c i p i t a t e  i n  2  - m l  

concent ra ted  hydroxhlor ic  a c i d . a n d  d i l u t e  t o  15 m l  w i t h  water .  
. . 

' 

. . , NOTE: '  isre regard any dimethylglyoxime which ' , 

' p ' r e c i p i t a t e s  a t  . t h i s  s t a g e .  

17 .  .Add 10  m l  o f  10% sodium o k t r a t e ,  2  drops  of c o b a l t  c a r r i e r  
\ 

and 5 m l  dimethylglyoxime r eagen t .  



.D. PROCEDURE (Cont ' d )  

1 8 .  P r e c i p i t a t e  n i c k e l  dime thylglyoxime by dropwise  adding 

concentrated.arnmonium hydroxide.  

: ' .lg. Repeat S t e p s  D-14 and D - 1 5 .  

20.. Repeat S t e p s  D-16, D - 1 7   and..^-18. 

21.  E i . l t e r  w i t h . s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed g l a s s  

f i b e r  f i 1 t e r : p l a c e d  i n  t h e  f i l t e r  h o l d e r .  

22. ,R inse  t h e  c e n t r i f u g e  t u b e . w i t h  wate r  and pour t he  r i n s i n g s  

through t h e  f i l t e r .  

23. Wash t h e  p r e c i p i t a t e  w i t h  approximately 10 m l  o f  wa te r .  
. . 
. . . . 

. . 24.   lace the f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e '  i n  an oven . 

and d ry  a t  110'~ f o r  15 minutes .  Cool i n  a  d e s i c c a t o r  f o r  10- 

15 minutes .  

25. Weigh t h e  f i l t e r  and p r e c i p i t a t e  on a'n a n a l y t i c a l  balance 
. . 

t o  t h e  n e a r e s t  0 . 1  mg. 

26. S u b t r a c t  t h e  t a r e  weight o f  t h e  f i l t e r  t o  o b t a i n  t h e  weight 

. o f  t he  p r e c i p i t a t e .  

27.  .Mount t h e  f i l t e r  on a  s u i t h b l e  holder. .  

28. W i t h a  gamma-ray spec t rometer ,  r ad ioas say  t h e  p r e c i p i t a t e .  



NICKEL - 57 AND 65 

E . CALCULATIONS 

The n i c k e l  a c t i v i t y  c h a r a c t e r i s t i c p  a r e  a s  fo l lows:  

Gamma Kay 
Energy, Mev. 

1. Determine t h e  d i s i n t e g r a t i o n  r a t e  f o r  Nickel-57 by de-  

termining a rea  under t h e  1.38 Mev photopeak. 

2 .  Determine the  d i s i n t e g r a t i o n  r a t e  f o r  n icke l -65  by de-  

te rmin ing  t h e  a r e a  under t he  1.48 Mev, @ho.topeak. 

3 .  The d i s i n t e g r a t i o n  r a t e  of Nickel-57 and 65 i s  c a l c u l a t e d  

us ing  t h e  equa t ion :  

dpm-ml. = C 
( V )  ( E )  (Fy)  

where : 

C = counts  p e r  minute f o r  Nickel-57 and 65 each,  c o r r e c t e d  , 

f o r  background counts  and e x t r a p o l a t e d  back t o  sampling t ime.  



,NICKEL - 57 AND 65 

. E ! CALCULATIONS ( ~ o n t  Id) 

. E = Counting,  e f f i c i e n c y  

NOTE: T h i s  f a c t o r  should inc ' lude t h e  f r a c t i o n a l  

abundance o f  t h e  gamma r ay  and t h e  photo-  

peak d e t e c t i o n  e f f i c i e n c y .  

Fy = 
F r a c t i o n a l  chemical  y i e l d  f o r  t h e  s e p a r a t i o n  (29 .4  

mg n i c k e l  dimethylglyoxime p e r  1 0  mg n i c k e l ) .  

V = Volume of sample i n  m l .  - 

4.  P l o t  a decay curve on semilog paper  'of t h e  c o r r e c t e d  

counts  p e r  minute vs  t ime .  

NOTE: A decay curve should be t aken  ove r  a  p e r i o d  of s e v e r a l  

hours  (Nickel-57 should be fol lowed f o r  a week, count ing  

a t  a  mini,mum of  1 time a day and Nickel-65 should  be 

counted a t  a  minimum of  eve ry  2 hours  o v e r  a p e r i o d  o f  

24 hou r s )  and e x t r a p o l a t e d  back t o  sampling t ime .  



COPPER METHOD 

(copper  - 64) 

Method No.. . ~ ~ - 1 2  

A .  SUMMARY OF METHOD 

Copper . i s  sepa ra t ed  . f rom.  o t h e r  a c t i v i t i e s  by p r e c i p i t a t ' i n g  

a s  copper s u l f i d e  o r  by an  ion-exchange .column technique .  

The s e p a r a t e d  copper i s  then gamma counted usi.ng a  garnma- 

r a y  spec t rome te r .  

B. APPARATUS 

1. Normal l a b o r a t o r y  g, lassware . i s  r e q u i r e d  f o r  t h i s  work. 

2. Glass  F i b e r  F i l t e r  - 1 i n c h  d i ame te r  x 0 .01  i n c h e s  t h i c k  

should  be used .  Any s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  pro- 

vided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa t e ly  and ma in t a in s  

c o n s t a n t  weight  t o  - +0.01 mg d u r i n g  f i l t r a t i o n  and d ry ing .  

3. F i l t e r  Holder  - The f i l t e r  h o l d e r  must hold  t h e  1 i n c h  

f i l t e r s  r i g i d l y  i n  p l ace  d u r i n g  f i l t r a t i o n .  

NOTE: Care should be t aken  t o  c l e a n  t h e  h o l d e r  thoroughly 

between f i l t r a t i o n s  t o  p reven t  c ross -con tamina t ion .  

4 .  . D e s i c c a t o r  - .The d e s i c c a t o r  ,must hold f o u r  :l i n c h  .d ia -  

mete r  f i l t e r s  s i m i l a r  t o  F i s h e r  .No. 8-615. 

5. Oven - Oven should be g r a v i t y  convect ion type  and be 



COPPER METHOD 

a b l e  t o  supply  uniform h e a t  a t  110° C ' t o  a  - + O . 5 O  C .  

 i is her .No. 13-244-1 o r  e q u i v a l e n t .  ) 

6.  . A n a l y t i c a l  Balance - .It should be capable .  t o  weigh.': t o  

t h e  . n e a r e s t  0 . 1  mg. 

7. Gamma-Ray Spec t rometer  - A sod ium. iod ide  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e  a m p l i f i e r  

and pu l se  h e i g h t  a n a l y z e r .  

8. Cen t r i fuge  .- A c l i n i c a l  c e n t r i f u g e  s h a l l  be used.  . T h e  

head should accommoda'te 50 m l  c e n t r i f u g e  t ubes .  

9 .  Resin Column - Make o u t  of  g l a s s  t ub ing  . o r  purchase 

from Corning Glass  Co. 

10.  The fo l l owing  . a d d i t i o n a l  s u p p l i e s  a r e  needed : 

a .  50 m l  c e n t r i f u g e  t.ubes 

b .  250 m l  beakers  

C .  REAGENTS AND MATERIALS 

1. Reagent g rade  chemicals  s h a l l  be used t o  p repa re  r e a -  

g e n t s .  u n l e s s  o the rwi se  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  

conform t o  t h e  . s p e c i f i c a t i o n s  ,of t h e  Committee .of  Analy- 

t i c a l  Reagents o f  t he  American Chemical Soc i e ty .  Other  



COPPER METHOD 

REAGENTS AND MATERIALS ( ~ o n t ' d )  

r e a g e n t s  'may be .used,  p.rovided t h e y  a r e  o f  s u f f i c i e n t  

p u r i t y  t o  g i v e  t he . s ame  accuracy .  

2. P u r i t y  of Water - A l l  wa t e r  used i n  p repa r ing  t h e  r e a -  

g e n t s .  .and i n  d i l u t i n g  t:he samples , s h a l l  be deminera l ized  

wa te r  and confo.mn t o  t he  s p e c i f i c a t i o n  f o r  .Reagent Water 

.(ASTM ~ e s i g n a t i o n  D 1193). 

3. . Coppe r . 'Ca r r i e r  1 0  mg/ml - .Refe r  t o  S e c t i o n  I1 on s t a n -  

d a r d i z a t i o n  of c a r r i e r s .  

4 .  .Manganese . C a r r i e r  1 0  mg/ml - .Re fe r  t o  S e c t i o n  I1 on 

of c a r r i e r s .  

5. ~ i c k e l  C a r r i e r  1 0  mg/ml - Refer  t o S e c t i o n  I1 on s t a n -  

d a r d i z a t i o n  of c a r r i e r s .  

-6 .  . Chromium C a r r i e r  1 0  nlff./ml - , .Re fe r  . t o  . S e c t i o n  .I1 on . . 

s t a n d a r d i z a t i o n  0.f c a r r i e r s .  

7 .  . Cobal t  C a r r i e r  10.  m g / m l  - Refer  . . to ,Sect . ion I1 on s t a n -  . . 
. . 

, . d a r d i z a t i o n  of c a r r i e r s .  . . 

8. . . I r o n  C a r r i e r  . l o  mg/ml - .Refe r  . t o  :Sec t ion '  I1 on . s t a n -  

d a r d i z a t i o n  0.f c a r r i e . r s .  



COPPER METHOD 

. \ .  
C. REAGENTS AND MATEIUALS ' (cant ld )  

. 9 .  Zinc C a r r i e r  1 0  mg/ml - Disso lve  1 0  grams of zincc..$n 
-, 

t h e  minimum q u a n t i t y  of  2N hydroch lo r i c  a c i d  ( H C ~ )  and 
\ 

d i l u t e  t o  1 - l i t e r  wi th  wa te r .  

10 .  Arsenic C a r r i e r  ( 1 0  m g / m l )  - D i s s o l v e  13 . grams . of 

a r s e n i c  ox ide  A s  0  i n  50 m l  of gN hydroch lo r i c  a c i d  and 
2  3 

d i l u t e  t o  1 - l i t e r  w i t h  wate r .  

NOTE: S t o r e  i n  a  po lye thy lene  b o t t l e .  

11. Antimony c a r r i e r  ( 1 0  mg/ml) -   is solve 27 grams of 

anhydrous potass ium antimony1 t a r t r a t e  i n  200 m l  of (1-2) 

hyd roch lo r i c  a c i d  ( H C ~ )  and d i l u t e  t o  1 ' - l i t e r  .wi th  .wa te r .  

NOTE: S t o r e  i n  a  po lye thy lene  b o t t l e .  

1 2 .  12.1N Hydrochlor ic  Acid - Concentra ted hyd roch lo r i c  

a c i d  ( H C l ) .  
. .. . . 

13.' 15 .7N ~ i t r i c  Acid - concen t r a t ed  . . h i t r i d .  a c i d  (HNO ) . 
. ~ . . 3 

. . 

1 Bromine - T h i s  s o l u t i o n  can be '  purchased from : F i s h e r  
. . ,  

. ' c a t .  .No:.B-385. 

15. Hydrogen . S u l f i d e  (H,s) - Can be f r o m , F i s h e r  
L 

a s  l e  c t u r e  s i z e  c y l i n d e r s ,  Cat .  . No. . lo-599-L. 
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C ,  REAGENTS AND_ MATEiWALS 

16 .  2M.:Sodium Hydroxide - Disso lve  40 grams sodium hy- 

d rox ide  i n  500 m l  of wa te r .  ( p l a c e  i n  - w a t e r  b a t h  d u r i n g  

t h l s  o p e r a t i o n . )  

NOTE: S t o r e  i n  po lye thy lene  b o t t l e .  

.17. 6 ~  Hydrochlor ic  Acid - Measure 500 'ml  of  concen t r a t ed  

hyd roch lo r i c  a c i d  and d i l u t e  t o  1 - l i t e r  w i t h ' w a t e r .  

18. Ion  Exchange Resin - .Dowex .l - 4  pe rcen t  c ro s s - l i nked  

- 200 + 500 mesh. 

19. 1 4 . 8 ~  Artmoniun Hydroxide. - Concentra ted ammonium hy- 

d rox ide  ( N H ~ O H )  . 

20. . 2  Pe rcen t  - Benzoin Oxime - Disso'lve 2 grams o f  ben- 

zo in  ox.ime i n  98 m l  of e t h a n o l .  

1. Add t o  t h e  sampl.e.2 m l  each  of t h e  fo l l owing  c a r r i e r s  - 

copper ,  manganese, n i c k e l ,  chromium, c o b a l t ,  i r o n ,  z i n c ,  

a r s e n i c  and a c ~ : L ~ . o n y .  

2 .  Add 5 m l  of concen t ra ted  hyd roch lo r i c  a c i d  and h e a t  t o  

b o i l i n g  on a h o t  p l a t e .  



COPP.ER 'METHOD 

D. . PROCEDURE ( ~ o n t  Id)  

3. B o i l  f o r  two minutes  a f t e r  a d d i n g . 1  d rop  concen t ra ted  

n i t i r c  a c i d  (HNO ) and 5 drops  of :bromine. 3 

4.  C o o l  and bubble hydrogen s u l f i d e  ( H ~ s )  through t h e  s o -  

. l u t i o n  u n t i l  a  b l a c k  p r e c i p i t a t e  i s  formed. 

5. . S t i r  v igo rous ly  and a l low t o  s t and  f o r  5 minutes .  

6 .  Cen t r i fuge  f o r  2 minutes and d i s c a r d  t h e  supe rna t e  t o  

t h e  r a d i o a c t i v e  waste .  

7 .  Add 5 m l -  3 .sodium hydroxide ( N ~ O H )  and b o i l  . f o r  ;l o r  

2  minutes  t o  d i g e s t  p r e c i p i t a t e .  

8. .Repeat  s t e p  D-6. 

. g .  Wash p r e c i p i t a t e  w i t h  w a t e r  and r e p e a t  skep .D-6 .  

NOTE: .Copper s u l f i d e  i s  t h e  p r e c i p i t a t e  a t  t h i s  p o i n t .  

I f . . n o  c o b a l t  o r ' o t h e r  a c t i v i t i e s  can be i d e n t i f i f e d  by 

u s ing  a  Gamma-ray spec t rometer  proceed t o , s t e p  D-21. 

If a c t i v i t i e s  a r e  d e t e c t e d  proceed t o  s t e p  D-10. 

. l o .  . D i s s o l v e  t h e  p r e c i p i t a t e  i n  a  few drops  of concen- 

t r a t e d  n i t r i c  a c i d  ( H N O ~ )  and evapora te  t o  d rynes s .  

11. Add 1 m l  concen t r a t ed  hyd roch lo r i c  a c i d  (H~!)and 

evapora t e  t o  d rynes s .  



COPPER METHOD 

12 .  Disso lve  t h e  r e s i d u e  i n  6~ hydroch lo r i c  a c i d  ( H C 1 )  

and c e n t r i f u g e  f o r  1 t o  2  minutes and d i s c a r d  and p r e c i -  

p i t a t e .  

13. . Bubble hydrogen s u l f i d e  ( H ~ s )  through , t h e ,  ~ o l i t i o n  

u n t i l  a  b l a c k  . p r e c i p f t a t e  i s . f o r m e d .  

14.  . ~ e ~ e a t  ' s t e p ,  -D-6. 

15. .D i s so lve  t h e  p r e c i p i t a t e  . i n  a  f.ew drops  of concen t ra -  

t e d  n i t r i c  a c i d  and add l . m l  of c o b a l t  c a r r i , e r .  

16.  Evaporate t o  d rynes s ,  and add 2 m l  c 'oncentra ted hy- 
.' 

d r o c h l o r i c  a c i d  ( H C ~ )  and a.gain evapora t e  t o  d rynes s .  

17. . Disso lve  t he  r e s i d u e  i n  conce.ntrated hyd roch lo r i c  

a c i d  ( H C ~ )  and t r a n s f e r  t o  'a Dowex 1 -column., 

NOTE: Cblurnn .approximately  7rnm .x :15 cms, 4% c ros s - l i nked  

- 200 + 500 mesh p rev ious ly  washed w i t h  concen t ra ted  hy- 

d r o d h l o r i c  a c i d  ( H C ~ ) .  

.18. E l u t e  t h e  c.opper from the  column by washing t h e  con- 
! 

c e n t r a t e d  hydroch1orbc;:acid unt; 'il yel low copper 'band i s  

e l u t e d  .from t h e  column. 

19. Evaporate  t h e  e l u a t e  t o  d rynes s  and d i s s o l v e  t he  r e -  , 

s i d u e  i n  5 m l  of  2M h y d r o c h l o r i c  a c i d  ( H C 1 ) ; a f t e r  d i s s o l v i n g  t h e  

resid.ue add concen t r a t ed  .ammonium .hydroxide u n t i l  . t h e  so lu t . ion  I :  
i s  deep b l u e .  



COPPER 'IVLETHOD 

D; PROCEDURE ( ~ o n t  I d )  

20. .Hea t  t o  about  80° C and add .3 m l  of 2% ,- :benzoin 

oxime s o l u t i o n .  

21. . F i l t e r  w i t h  s u c t i o n  t h e  p r e c i p i t a t e  .on to  ,:a :.weighed : 

g l a s s  f i b e r  f i l t e r  p laced i n  t h e  f i l t e r  h o l d e r .  

22. Rinse t h e  beaker  w i t h  wa te r  and pour t h e  r i n s i n g s  

through t h e  f i l t e r .  

. 2 3 .  Wash t h e  p r e c i p i t a t e  w i t h  approximately  5 m l  w a t e r  

and two 5 . m l  p o r t i o n s  of h o t  e t h y l  a l c o h o l .  

. 2 4 .  P lace  t h e  f i l t e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n , a n  

oven and d r y  a t  110' C f o r  -10-15 minutes .  .Cool  i n  .a  

d e s i c c a t o r  f o r  10-15 minutes .  

25. Weigh t h e  f i l t e r  and p r e c i p i t a t e  o n . a n  a n a l y t i c a l  

ba l ance  t o  t h e  n e a r e s t  0 . 1  rng. 

26. S u b t r a c t  t h e  t a r e  weight  of  t h e  f i l t e r  t o  b b t a i n  t h e  

weight  of t h e  p r e c i p i t a t e .  

27. Mount t he  f i l t e r  on a  s u i t a b l e  h o l d e r .  

28. With a  gamma-ray. spec t rometer ,  r a d i o a s s a y  t h e  p r e c i -  

p i t a t e . .  



COPPER 'METHOD 

E.. CALCULATIONS 

The copper a c t i v i t y ~ i s  p r i m a r i l y  composed .of 12..8 hour  

, h a l f - l T f e  copper-64. 

-- 1. . Determine t he  d . i s i n t e g r a t i o n  r a t e  by de te rmin ing  , a r e a  

under  t h e  0 .51  ~ e v , a n n i h a l a t i o n  peak f o r  copper-64. 

. 2 .  . .Plot  a  decay curve on s e m i l o g  p a p e r . o f  t h e  c o r r e c t e d .  

counts  pe'r .minute ve r sus  t ime.  . 

I > 
NOTE: A decay curve should  be t aken  over  .a per iod  .of 

I s e v e r a l  hours  (sample should be counted . a t  a  mini-  

'mum of 4 t imes  a  day over  a  per iod  of ,2 -3 .  days )  

and e x t r a p o l a t e d  b a c k . t o  sampling t ime.  

1 3 .  . The d i s i n t e g r a t i o n  r a t e  of *copper-64 i s  c a l c u l a t e d  

u s i n g  t h e  . equa t ion  : . .. . 

. . . 
n 

Where : . : 

, C = '  coun t s  p e r  minute,  c o r r e c t ' ~ d  f 6 r  background counts  

a t  sampling t.ime. 

. E  = Counting . e f f i c i e n c y .  

Fy = Yield  f a c t o r .  



.COPPER METHOD 

E. CALCULATIONS ( c o n t 1 d )  

NOTE : If  p r e c i p i t a t e d  a s  C U ( C ~ ~ H ~ ~ O ~ N )  t he  gravime t r i c  

y i e l d  i s  0.2201. 

V = Vo.&me of  sample : i n  . m l .  



RADIOACTIVE OFF-GAS ANALYSES 

Method No.. R C - 1 3  

A .  SUMMARY OF METHOD 

The o f f -gases  a r e  sampled i n  a  count ing  b o t t l e  which i s  

p l a c e d . d i r e c t l y  on t h e  sodium iod ide  c r y s t a l  connected t o  a  

gamma -ray spec t rometer .  Gamma-ray count r a t e s  a r e  taken  

a t  v a r i o u s  time i n t e r v a l s .  

B. APPARATUS 

1. Counting C e l l  - See .  Appendik iD:i.: . . - ' .  The c e l l  should 

be made of high.vacuum g l a s s .  

2 .  Gamma-Ray Spectrometer  - A sodium iod ide  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  t h e  a p p r o p r i a t e  a m p l i f i e r  

.and p u l s e  h e i g h t  a n a l y z e r .  

C . ..  REAGENTS AND MATERIALS 

PRO CEDUW 

.. . .. 

1. , Off-gas  i s  sampled i n t o  an  & ~ ~ c u a t e d : . ~ l a . s s  ~ e r i n e l l i  

count ing  b o t t l e  and p laced  on t h e  sodium ' iodide c r y s t a l .  

2 .  With, a gamma-ray spec t rometer  rad ioassay  the  o f f  -gas 

sample. 



RAD-~~ACTIVE OFF -GAS ANALYSES 

.E. CALCULATIONS 

1'. . Record gamma count a t  time i n t e r v a l s .  

2 .  , P l o t  t h e  gamma.sgectrum. 

3. P l o t  a decay curve on semi log .pape r  o f  t'he count r a t e  

ve r sus  t ime.  I d e n t i f y  i s o t o p e s  from t h e i r  h a l f  - 1 i f e s .  . You 

should.  b e .  a l e r t  f o r  110 minute h a l f  - l i f e  A-41 from a c t i v a -  

t i o n . o f  a i r  and noble gas  f i s s i o n  p roduc t s  and t h e i r  daughte rs ;  

9 hour h a l f - l i f e  Xe-135, 18 .minu te  h a l f  - l i f e  ~ b - 8 8 ,  and- 32 

.minute h a l f  - l i f e  Cs-138. 

. It' i s  suggested t h a t  time i n t e r v a l s  f o r  coun t ing  shou ld .be  

every 15 minutes  f o r  t h e  f i r s t  hour t hen  every  30 minutes 

f o r  the  nex t  t h r e e  h o u r s . t h e n . o n c e  every  e i g h t  hours  f o r  t he  

nex t  twenty - four  hours .  



.Method No. RC-14 

A .  SUMMARY OF METHOD 

A sample of  t h e  coo lan t  s h a l l  be a n a l p z e d  by evapora t i ng  a  

sample on a  s t a i n l e s s  s t e e l  p l anche t  and c'ounting o n  a  pro-  . 

p o r t i o n a l  coun te r  t o  de te rmine  g r o s s  Beta-Gamma . ;_ac t iv i ty .  

B. APPARATUS 

1. Evaporator  Feeder  - To b e . a b l e  t o  evapora t e  l a r g e  vo- 

. lume samples onto  a  p l anche t .  (See ~ i ~ u r e  R C - 3 - 1 . )  

2 .  I n f r a - r e d  lamp. 

3. 1 each 2 i n c h  d iamete r  s t a i n l e s s  s t e e l  p l a n c h e t s .  

. . 
4. Smx3.l ( c l e a n )  f o r c e p s .  

5. P r o p o r t i o n a l  Counting' System - A p r o p o r t i o n a l  d e t e c t o r  

connected t o  a p p r o p r i a t e  a m p l i f i e r  and s c a l e r  type system. 

C .  :FBAGENTS AND MATERIALS 

None. . . . . 
. . 

. D .  . PROCEDURE 

1,. Using a n  Evapora tor  ~ e e d e r  . ( s e e  . s e c t i o n  , ~ - l )  evapora t e  

500 m l  of t h e  coo lan t  onto  a  2  i n c h  d i ame te r  s t a i n l e s s  s t e e l  

p l a n c h e t .  

-255- 



.,GROSS. BETA-GAMMA , ACTIVITY 
. . 

D. . P R O C E D U R E . ( C O ~ ~ I ~ )  

2 .  Count on t h e  ,propor t : ional  .flow . c o u n t e r .  

E . CALCULATIONS 

. 
1. Count f o r  o n e . h o u r  a t  t h e  Beta vo l t age  s e t t i n g .  

2 .  Cor r ec t  f o r  a  one hour  p l anche t  background and ca l cu -  

l a t e  Kc/ml a s :  

C 

xc/ml = (2 .22  x 1 0 6 )  ( E )  (v)  

Where : 

C = Beta-Gamma count r a t e ,  . i n  n e t  counts  p e r  minute .  

.E  = Counter  e f f i c i e n c y . ,  . .. 

. . 
. . 

. . 

' ' V = . . . ~ o l ~ m 6 .  of o r i g i n a l  sample i n  m l .  

2 .22 x lo6  = Conversion f a c t o r  from d i s i n t e g r a t i o n s  p e r  

minute t o  micro c u r i e s .  



,Method No. R C - 1 5  

A .  SUMMARY OF .METHOD 

Nitrogen-13 i s  . p r e c i p i t a t e d  a s  ammonium c h l o r o p l a t i n a t e  

( N H , q ) 2 ~ t ~ 1 6 ,  mounted and counted on a  p r o p o r t i o n a l  f low 

counte r  system. The a p p r o p r i a t e  c o r r e c t i o n s  a r e  made f o r  

chemical  y i e l d ,  and r a d i o a c t i v e  decay s i n c e  sample was 

taken .  
. . 

B. APPARATUS 

1. Normal l a b o r a t o r y  glassware  i s  r equ i r ed  f o r  t h i s  work. 

Glass  F i b e r  F i l t e r  - i nch  diameteq x 0 .01  inches  

t h i c k  should be used.  Any s i m i l a r  f i 1 , t e r  w i 1 l . b e  s u i t a b l e  
. t. 

p rovided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa te ly  . and  main- 

t a i n s  c o n s t a n t  weight t o  r 0 . 0 1  mg du r ing  f i . l t r a t i o n  and 

d r y i n g .  

3. F i l t e r  Holder - The f i l t e r  . ho lde r  musc hold t h e  .1 inch  
. . 

, .  . 
f i l t e r s  r i g i d l y  i n  p l a c e  du r ing  f i l t r a ~ t i o n s .  

. . 

4 .  Des i cca to r  - The d e s i c c a t o r  must hold  . four  1 inch.  d i -  , 
. . 

ameter f i l t e r s  s i m i l a r  to .  F i s h e r  .'No. 8-615. 

5 .  Oven - Oven should be g r a v i t y  convec t ion  type  and be 

a b l e  t o  supply uniform h e a t  a t  1 1 0 ~ ~  t o  a  ? O , . ~ ~ C .   ishe her 
No. 13-244-1 o r  e q u i v a l e n t ) .  



NITROGE fi.li 

B. APPARATUS ( ~ o n t  ' d )  

6 .  - A n a l y t i c a l  Balance - It should be capable  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg. 

7 .  Cen t r i fuge  - A .  c l i n i c a l  c e n t r i f u g e  s h a l l  be used.  The 

head .should  accommodate 50 m l  c e n t r i f u g e  t u b e s .  

8 .  P r o p o r t i o n a l  Count ing  System - A p r o p o r t i o n a l  d e t e c t o r  

connected t o  a p p r o p r i a t e  amplif  i ' e r  and s c a l e r  type system. 

C .  .REAGENTS AND MATERIALS 

1. Reagent grade chemicals s h a l l  be used t o  p repa re  r e a -  

g e n t s .  Unless o therwise  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  con- 

form t o  t he  s p e c i f i c a t i o n s  o f  t h e  Committee o f  A n a l y t i c a l  

Reagents o f  t h e  American Chemical S o c i e t y .  Other  r e a g e n t s  

may be used, provided they a r e  o f  s u f f i c i e n t  p u r i t y  t o  g ive  

t h e  same accuracy .  

2 .  P u r i t y  of  Water - A l l  wa te r  used i n  p repa r ing  t h e  r e a -  

gen t s  and i.n d i l u t i n g  t h e  samples s h a l l  be deminera l ized  

wate r  and conform t o  t h e  s p e c i f i c a t i o n  f o r  Reagent Water 

(ASTM Des igna t ion  D 1193). 

3. Ammonium C a r r i e r  (10 mg/ml) - Refer  t o  S e c t i o n  I 1  on. 

s t a n d a r d i z a t i o n  of c a r r i e r s .  

4. , -- 1 8 ~  sodium Hydroxide - Disso lve  360 grams of  sodium 

hydroxide i n . 5 0 0  m l  o f  wa te r .  



C .  .REAGENTS AND MATERIALS ( ~ o n t ' d )  

5 .  5% Chlo rop la t in i c  Acid - Dissolve 5 grams c h l o r o p l a t i n i c  

a c i d  c r y s t a l s  ( H ~ P ~ c ~ ~  . 6 ~ ~ 0 )  i n  95 m l  of wa te r .  

D .  PROCEDURE 

1. Add sample t o  be analyzed to a 125 m l  Erlenmeyer f l a s k ,  

add 1 m l  o f  ammonium c a r r i e r .  

2 .  Add cau t ious ly  5 m l  of  1 8 ~  sodium hydroxide. 

3. S e t  up the  d i s t i l l i n g  appara tus  a s  p e r  f i g u r e  R C - 1 5 - 1 .  

4. Add 2  m l  of 5 pe rcen t  c h l o r o p l a t i n i c  a c i d  s o l u t i o n  t o  

50 m l  c e n t r i f u g e  tube .  

5. * ~ i l . u t e  t o  20 m l  wi th  e t h y l  a l coho l  and p lace  the c e n t r i -  

fuge tube i n  an  i c e  ba th .  
. . 

6 .  . Place the  g l a s s  o u t l e t  tub ing  from the Erlenmeyer f l a s k  

under the  su r face  of the  l i q u i d  i n  the  c e n t r i f u g e  tube .  

7 .  Gently hea t  t o  b o i l i n g  the  125 m l  Erlenmeyer f l a s k  con- 

t a i n i n g  the sample. Sample should be bo i l ed  f o r  t h r e e  min- 
. . 

u t e s .  

8 .  Disconnect t he  c e n t r i f u g e  tube and f i l t e r  wi th  s u c t i o n  

the  precipitate onto a  weighed g l a s s  f i b e r  f i l t e r  placed i n  

t h e  f i l t e r  ho lde r .  



Do . PROCEDURE ( c o n t l d )  

9. Rinse the c e n t r i f u g e  tube with  e t h y l  a lcohol  and pouk 

the .  r i n s i n g s  through the  f i l t e r .  

10.  Wash the  p r e c i p i t a t e . w i t h  approximately 5  m l  e t h y l  

a l coho l  and two 5 m l  p o r t i o n s  of e t h e r .  

11. Place the  f i l t e r  con ta in ing  the  p r e c i p i t a t e  i n  an oven 

0 and ' d r y  a t  110 C f o r  10-15 minutes.  Cool i n  a  d e s i c c a t o r  

f o r  10-15 minutes.. 

12.  Weigh the  f i l t e r  .and p r e c i p i t a t e .  on' an a n a l y t i c a l  

balance t o  the  n e a r e s t  0.-1 mg. 

13. s u b t r a c t  t he  t a r e  weight of t he  f i l t e r  t o  o b t a i n  the  

weight of 'the p r e c i p i t a t e .  . . 

1 4 .  Mount t h e  f i l t e r  on a  s u i t a b l e  ho lde r .  

15. Count on t h e  p r o p o r t i o n a l  f low counter  o r  on a  Gamma- 

r ay  spectrometer .  
, 

E CALCULATIONS 

The n i t r o g e n  a c t i v i t y  i s  p r i m a r i l y  cpmposed of 10 'minute 

h a l f - l i f e  ni t rogen-13.  Nitrogen-13.may be counted both by 

Beta count ing o r  Gamma count ing techniques .  



E. - CALCULATIONS - ( ~ o n t  Id) 

Beta . Method 

1. Count f o r  1 minute i n t e r v a l s  a t  t h e  Beta vo l t age  s e t -  

t i n g s  

I 

2 .  Correc t  f o r  a  1 minute background and . . ca l cu la t e  d i s i n -  

t e g r a t i o n  r a t e  of n i t rogen-13  us ing  t h e  fo l lowing  equa t ion :  

C 

dpm-ml = (v) (E) ( F ~ )  

where : 

C = c o u n t s p e r  minute f o r  ni t rogen-13,  c o r r e c t e d  f o r  back- 

ground counter  and e x t r a p o l a t e d . b a c k  t o  sampling time 

E  .= count ing e f f i c i e n c y  

Fy = f r a c t i o n a l  chemical y i e l d  f o r  t he  s e p a r a t i o n  

V = volume of sample i n  m l .  

3. P l o t  a  decay curve on semilog paper  of  t h e  c o r r e c t e d  

counts  p e r  minute v s  t ime.  

.' NOTE: A decay curve should be taken  over  a  pe r iod  of 30 

minutes and e x t r a p o l a t e d  back t o  sampling t ime.  

. . Gamma-Ray Spectrometer Method 

1. Determine t h e  d i s i n t e g r a t i o n  r a t e  by determining t h e  

a r e a  under t h e  0 .51  Mev a n n i h i l a t i o n  photopeak f o r  N - 1 3 .  

NOTE: Count f o r  1 minute i n t e r v a l s .  
-261- 



.E .  . CALCULATIONS ' ( ~ o n t  ' d )  

2 .  To c a l c u l a t e  d i s i n t e g r a t i o n  r a t e  o f  n i t rogen-13  use 

E-2 equa t ion .  

3. . P l o t  a decay curve on semilog paper  of t he  c o r r e c t e d  

counts  . p e r  minute v s  t ime.  

NOTE: A decay curve should b e .  t aken  ove r  a pe r iod  of 30 

: ' . minutes and e x t r a p o l a t e d  back t o  sampling t ime.  



Ice b a t h  



SUMMARY OF &THO.D 

Zirconium i s  i n i t i a l l y  separated from the  a l k a l i  meta ls  and 

the  a l k a l i n e  e a r t h s  by a  hydroxide p r e c i p i t a t i o n .  The so luble  

ZrF6 ion  i s  then fo rmedwi th  HF, and the  z i r c o n i u m : i s  r ep re -  

c i p i t a t e d  from the  r a r e  e a r t h s  a s  barium f l u r o z i r c o n a t e .  

Zirconium i s  f i n a l l y  precipf  rated a s  t h e -  mandelate, .weighed 

and counted on a  Gamma-ray spectrometer .  

B. APPARATUS 

1. Normal labora tory  glassware i s  requi red  f o r  t h i s  work. 

2 .  Glass F i b e r  F i l t e r  - 1 inch diameter x  0 .01  inches t h i c k  

should be used. Any s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  provided 

i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequately a n d  maintains  cons tant  

weight to  0 .01  mg during f i l t r a t i o n  and dry ing .  

3. F i l t e r  Holder - The f i l t e r  holder  .must 'hold  t h e  1 inch  

f i l t e r s  r i g i d l y  i n  p lace  during f i l t r a t i o n .  

NOTE:. - Care . , should- . be taken t o  . c l e a n  the' . 'holder thoroughly 
. . 

between f i l t r a t i o n s  t o  prevent  cross-contamination. 

4 .  Desiccator  - The d e s i c c a t o r  should hold f o u r  1 inch  diameter 

f i l t e r s  s i m i l a r  t o  F i she r  No. 8-615. 

Oven - oven should be g r a v i t y  convection type and, capable of 5- - 
supplying uniform heat  a t  110' C t o  a  f 0 . 5 ~  C .   ishe her N O .  13- 

244-1 o r  e q u i v a l e n t ) .  
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6 .  Analy t ica l  Balance - It should be capable t o  weigh t o  the  

nea res t  0 . 1  mg. 

7. Centr i fuge - A c l i n i c a l  c e n t r i f u g e  s h a l l  be used. The 

head.should accommodate 50 m l  cen t r i fuge  tubes .  

8 ,  Gamma-Ray Spectrometer - A sodium iodide  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  the  appropr ia te  a m p l i f i e r  and 

.pu l se  he ight  , ana lyze r .  

REAGENTS AND MATERIALS 

1. Reagent grade chemicals s h a l l  be used' t o  prepare reagents .  

Unless otherwise ind ica ted ,  a l l  reagents  s h a l l  conform t o  the 

s p e c i f i c a t i o n s  of t h e  Committee of Analy t ica l  Reagents of  the  

American Chemical Socie ty .  Other reagents  may be used, provided 

they a r e  of s u f f i c i e n t  p u r i t y  o r  give the  same accuracy. 

2. P u r i t y  of Water - A l l  water u'sed i n  p repar ing  the  reagents  

and i n  d i l u t i n g  the samples s h a l l  be demineralized water and 

conform t o  the  s p e c i f i c a t i o n  f o r  Reagent Water (ASTM Designa- 

t i o n  D 1193).  

3. 2 N  Hydrochloric Acid -Measure 166-1111 o f  hydrochloric  

a c i d  ( H c ~ )  and d i l u t e  t o  1 - l i t e r  with water .  

4 .  Zirconium C a r r i e r  (10 mg/ml) - Refer t o  Sec t ion  I1 on 

s t andard iza t ion  of c a r r i e r  s o l u t i o n s .  



ZIRCONIUM 95 

5.  6~ Ammonium ~ ~ d r o x i d e  - Measure 405 m l  o f  concen t r a t ed  . . 

ammonium hydroxide ( N H ~ o H )  .and d i l u t e  t o  1 - l i t e r  w i t h  wa te r .  

6 .  15.7  N i t r i c  Acid - Concentra ted n i t r i c  a c i d  ( H N O ~ ) .  

7. 48% Hydrof luor ic  Acid - Concentra ted h y d r o f l u o r i c  a c i d  

8. S a t u r a t e d  Barium Chlor ide  S o l u t i o n  - Disso lve  36 grams 

of Barium Chlor ide  i n  100 m l  of wa te r .  

NOTE: Excess s o l i d  should be p r e s e n t .  

9 .  S a t u r a t e d  Boric  Acid - Disso lve  6 grams of  b o r i c  a c i d  i n  

100 m l  of wa te r .  

NOTE: Excess s o l i d  should be p r e s e n t .  

10 .  36N S u l f u r i c  Acid - Concentra ted s u l f u r i c  a c i d  ( ~ ~ ~ 0 4 ) .  

I 
. . . . 

. .  11. 2% Aerosol  OT S o l u t i o n  - T h i s  r eagen t  c a n  be purchased 

1 from F i s h e r  Cat .  No. SO-A-292. 

I 
I 

I 12 .  1 4 . 8 ~  Ammonium Hydroxide - Concentra ted ammonium hydroxide.  
I 

. . . . 
13. (1-1) Ammonium Hydroxide - Measure 1-volume', . . concen t r a t ed  

' 1 .  

ammonium hydroxide w i t h  1-volume wa te r .  

1 4 .  12.1N Hydrochlor ic  Acid - Concentra ted hydrochlor ic  a c i d  

15. Methyl Red  . ~ n d i c a t o r  - -  iss solve 1 gm of  m e t h y l  r e d .  i n  

600 m l  of a l c o h o l  and d i l u t e  t o  1 -1 i . t e r  w i t h ' w a t e r .  

-266- 
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ZIRCONIUM 95 

16.  . S a t u r a t e d  Amm~nium Chlor ide S o l u t i o n  - Disso lve  32 grams 

of ammonium c h l o r i d e  i n  100.ml  of water .  

17 .  15% Nandelic Acid S o l u t i o n  - Disso lve  15 grams mandelic , 
a c i d  i n  85  m l  o f  water .  . 

D . .. PROCEDURE 

1. Add.5 .ml  of concent ra ted  hydrochlor ic  a c i d  t o  t h e  sample 

t o  be analyzed.  

2.  Add 2  m l  . o f  zirconium c a r r i e r  and. h e a t  t o  b o i l i n g .  on a  

hot  p l a t e  f o r  1-2 minutes.  

3. Cool . a n d  add dropwise 6N ammonium ,hydroxide t o  p r e c i p i -  

t a t e  zirconium hydroxide.  Add 1-2 m l  6~'ammonium hydroxide 

i n  excess .  

4. Cent r i fuge  f o r  2 ' m i n u t e s  a n d d i s c a r d  the  superna te  t o  t h e  

r a d i o a c t i v e  waste.  

5 .  Disso lve  the  p r e c i p i t a t e  by adding 3 m l  concent ra ted  n i t r i c  

a c i d  ( H N O ~ )  and 2  m l  o f  wa te r .  

6. Add 3 drops  of concent ra ted  hydro f luo r i c  a c i d  (HF)  and 

s t i r  f o r  1 - 2  minutes.  

7 . .  c e n t r i f u g e  f o r  2  minutes  and t r a n s f e r  t h e  ' superna te  t o  a  

c l e a n  50 ml. c e n t r i f u g e  tube .  Discard t h e  p r e c i p i t a t e  t o  t h e  

s o l i d  r a d i o a c t i v e '  waste .  



8. Add 3 drops  o f  s a t u r a t e d  barium c h l o r i d e  s o l u t i o n  and 

r e p e a t  s t e p  D-4. 

CAUTION: Zirconium i s  p r e c i p i t a t e d  a s  t h e  i n s q l u b l e  BaZrF6. 

Hz0 barium f l u r o z i r c o n a t e  which i s  somewhat s o l u b l e  i n  a c i d .  

Do n o t  add excess  Ba and HF which w i l l  r e d u c e  t h e  s o l u b i l i t y .  

9 .  Disso lve  t h e  p r e c i p i t a t e  by, add ing  4  m l  o f  s a t u r a t e d  

b o r i c  a c i d  ( H ~ B o ~ )  s o l u t i o n ,  s t i r  f o r  1-2 minute's. 

1 0 .  Add 2  m l  concen t r a t ed  n i t r i d a c i d  (HNG3) and d i l u t e  t o  

1 5  m l  wi th  wa te r .  

11. To t h e  c l e a r  s o l u t i o n ,  add 6  d rops  o f  concen t r a t ed  s u l -  

f u r i c  a c i d  (H2S04) and 2-3 drops  of  2% a e r o s o l  s o l u t i o n .  

12 .  Cen t r i fuge  f o r  2  minutes  and t r a n s f e r  t h e  superna te  t o  

a c l e a n  c e n t r i f u g e  tube .  Discard  t h e  p r e c i p i t a t e  t o  t h e  

r a d i o a c t i v e  waste .  

13. Add 5 m l  o f  concen t r a t ed  ammonium hydroxide ( N H ~ O H )  t o  

t h e  superna te  and r e p e a t  s t e p  D-4. 

14 .  Wash t h e  p r e c i p i t a t e  twice  w i t h  (1-1) ammonium hydroxide 
. . 

( ~ 9 4 0 ~ )  s o l u t i o n  and r e p e a t  s t e p  D-4.' 

15. Disso lve  t h e  p r e c i p i t a t e  i n  2 m l  concen t r a t ed  hydro- 

c h l o r i c  a c i d  ( H C ~ )  and d i l u t e  t o  10  m l  w i t h  wa te r .  



16.  Add 1-2 drops of methyl red i n d i c a t o r ,  dropwise add 6 ~  

-ammonium hydroxide ( N H ~ O H )  u n t i l  t he  methyl r e d e n d p o i n t  i s  

reached. 

NOTE: Af ter  the endpoint i s  reachedadd  1 drop i n  excess .  

17.  Add 2  m l  of s a t u r a t e d  ammonium ch lo r ide  ( N H 4 c 1 )  s o l u t i o n  

and d i l u t e  t o  15,ml wi th  water .  

18. Add l O m l  of 15$mandelic a c i d  s o l u t i o n  and d i g e s t  ( u s i n g  

a  beaker h a l f  f i l l e d  with water placed on a  hot  p l a t e )  f o r  

l0 .minu tes  and , r epea t  s t e p  D-4. 

19.  F i l t e r ,  w i th  suc t ion ,  the p r e c i p i t a t e  onto a weighed 

g l a s s  f i b e r  f i l t e r  placed i n  the  f i l t e r  holder .  

20. Rinse. the . cen t r i fuge  tube with e t h y l  a lcohol  and pour 

. . 
. . '  t he  r i n s i n g s  through the  f i l t e r .  

' 21.. Wash t h e  p r e c i p i t a t e  with approximately 5 m l  e t h y l  a l -  
. . 

coho1 and two 5 m l  p o r t i o n s  of  e t h e r . ,  

22. Place the  f i l t e r  conta in ing .  t h e  p r e c i p i t a t e  i n  an oven 

and dry a t  110' C f o r  10-15 minutes.  Cool i n  a  d e s i c c a t o r  

f o r  10-15 minutes. 

23. Weigh the  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  balance 

t o  the nea res t  0 . 1  mg. 

24. Subt rac t  ' t he  t a r e  weight' of the f i l t e r  t o  o b t a i n  t h e  

weight of the  p r e c i p i t a t e .  
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II 25. Mount the f i l t e r  on a  s u i t a b l e  holder .  

26. With a  gamma-ray spectrometer radioassay the  p r e c i p i t a t e .  

E  . CALCULATIONS 

The z.irconium a c t i v i t y . m a y  c o n s i s t  of  65 day h a l f - l i f e  z i r co -  

nium:-95 and 17  hour zirconium-97. 

1. Determine the  d i s i n t e g r a t i o n  r a t e  by determining.  a rea  

under the  0.76 Mev photopeak f o r  zirconium-95. 

2 .  Determine the d i s i n t e g r a t i o n  r a t e  by determining area  

under the  1.15 Nev photopeak of  zirconium-97. 

.3. For zirconium-97 p l o t  a  decay curve on semilog.paper  of 

the  correc ted .counb- : :  p e r  minute v s  t ime. 
. . 

NOTE: ~ , ' d e c a ~  curve should be taken over  a  per iod of  seve ra l  

. h0ur.s ' ('sample should be co.unted. a t  a  minimum of 1-time a  day 

. o v e r  a  per iod of 4-5 days)  and' e x t r a p o l a t e d  back t o  sampling 

. . time) ." . . 

. . 

4 .  " The d i s i n t e g r a t i o n  \ r a t e  of zirconium 95 and 97 may be c a l -  

cu la ted  using the  equat io+ 

where : 

C = Counts p e r  minute, cor rec ted  f o r  background counts a t  

sampling time 



Fy = Yield . f a c t o r  

V . = Volume o f  sample i n . m l .  

5 .  I f  the sample i s  no t  counted wi th in  1-day from the time 

of radiochemical separa t ion ,  a  c o r r e c t i o n  f o r  the  Nb-95 

daughter should be made by use of f i g u r e  RC-16-1 o r  calcu-  

l a t e d  a s  follows: 

where: , . . . . . 

' A l . .  . = .Count . . r a t e  a t  Zr-95 a t  t i m e  ' ( : t)  

Aol '  . = Count r a t e  of Zr-95 a t  time of sepa ra t ion  

*2 = count r a t e  a t  Nb-95 a t  time ' (.t) 

. . 

FZr95 = Frac t ion  of t o t a l  gamma o r i g i n a t i n g  from Zr-95. 



Mult iply f a c t o r  by count r a t e  
t o  c o r r e c t  t o .  sepa ra t ion  time. 

FIGURE RC-16-1 
\1. 0 

Correct ion f o r  ~ b 9 5  Growth i n  
.,... . _. . ~ r 9 5  a f t e r  sepa ra t ion  
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A .  SUMMARY OF METHOD 

FLOURINE - 18 

Method No. R C - 1 7  

,F lour ine-18  i s  p r e c i p i t a t e d ,  as ( P ~ F C ~ )  Lead Fluoro Chlor ide ,  

mounted and counted on a gamma-ray. spec t rometer  count ing  

system o r  a p r o p o r t i o n a l  f low count ing  system. .The 

a p p r o p r i a t e  c o r r e c t i o n s  a r e  made f o r  chemical y i e l d ,  and 

radZoac t f  ve decay s i n c e  sample was t aken .  

B. . APPARATUS 

V 

1. Normal l a b o r a t o r y  glassware  i s  r e q u i r e d  f o r  t h i s  work. 

2 .  Glass  F i b e r  F i l t e r  - 1 inch  d i ame te r  x 0 . 0 1  inches  t h i c k  

should be used.  Any. s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  p r o -  

vided i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequa te ly  and main- 

t a i n s  c o n s t a n t  weight t o  f 0 . 0 1  mg d u r i n g : f i l t r a t i o n  and 

. .  . dry ing  
. . 

,I . . 
. . 

3 .  . ~ i l t e k  Holder - The f i l t e r  h o l d e r  must hold  t he  1 inch  

f i l t e r s  rigi 'd.ly i n  p l a c e  d u r i n g  f i l t r a t i b n .  

NOTE: Care should be taken  t o  c1ea.n t he  h o l d e r  thoroughly be- 

tween f i l t r a t i o n s  t o  p reven t  c ross -contamina t ion .  

4. . Des icca to r  - The d e s i c c a t o r  should hold f o u r  1 inch  

d iameter  ' f i l t e r s  s imilar  t o  F i s h e r  No. 8-615.' 

5 .  A n a l y t i c a l  Balance - It should be capable  t o  weigh t o  

t h e  n e a r e s t  0 . 1  mg. 

6 .  The f o l l o w i n g  a d d i t i o n a l  s u p p l i e s  a r e  needed: 

a .  400 m l  beakers  

-273- 



B. APPARATUS ( ~ o n t  Id)  

7.  . .P ropo r t i ona l  Counting System - A p r o p o r t i o n a l  d e t e c t o r  

1 .,:. connected t o  a p p r o p r i a t e  a m p l i f i e r  and s c a l e r  t ype  .system. 

k 
C . REAGENTS AND MATERIALS ,... 

I - :- 
1. .Reagen t . g r ade  .chemicals  s h a l l  be used t o  p repare  r e a g e n t s .  

u n l e s s  o the rwi se  i n d i c a t e d ,  a l l  r e a g e n t s  s h a l l  conform t o  

t h e  s p e c i f i c a t i o n s  of t h e  Committee on A n a l y t i c a l  Reagents 

of t h e  American Chemical S o c i e t y .  Other  r e a g e n t s  may be 

used,  provided t h e y  a r e  of s u f f i c i e n t  p u r i t y  t o ' g i v e  t h e  same 

accuracy .  

2.  . . P u r i t y  of Water - A l l  wa t e r  used i n . p r e p a r i n g  t h e  r e a -  

g e n t s  a n d . ' i n  d i l u t i n g  t h e . s a m p l e s  s h a l l  be deminera l ized  

I - 
w a t e r  and conform t o  t h e  s p e c i f i c a t i o n  f o r  Reagent Water 

I ( ASTM Des igna t ion  ~ 1 1 9 3 )  . 

3. 10% Lead Ace ta te  - Disso lve  .10 grams of .Lead. . ace ta te  i n  

90  m l  of wa te r .  

I :  4.  12.1N Hydrochlor ic  Acid - Concentrated hyd roch lo r i c  ac id  

5. .15.7N Ni t r i ' c  Acid - Concentra ted n i t r i c  a c i d  (HNO ). 3 

6. 1 7 . 4 ~  A c e t i c '  Acid - concen t r a t ed  a c e t i c  a c i d  (Hc2H302). 



C .  REAGENTS AND MATERIALS ( ~ o n t  Id)  

7.  . F l u o r i n e  C a r r i e r  ( 1 0  mg/ml) - .Refe r  : to  Sec t ion  I1 .on 

s t a n d a r d i z a t i o n  of c a r r i e r s .  

8. Methyl Orange I n d i c a t o r  - Disso lve  1 gram of methyl orange 

i n  1 l i t e r  wa te r .  

1. To sample add 2 m l  . f l uo r ide  c a r r i e r  ( N ~ F )  and 2-3 drops  

orange i n d i c a t o r .  

2.. . S t i r  whi le  .adding concen t r a t ed  n i t r i c  a c i d  dropwise t o  

t h e  s o l u t i o n  u n t i l  a  p ink  c o l o r  appea r s .  

.NOTE:. ,Add t h r e e  d rops  of  concen t r a t ed  n i t r i c  a c i d  . i n  exces s  

a f t e r  the:end p o i n t  i s  reached ( p i n k  c o l o r  a p p e a r s ) .  

. 3 .  Add 16  drops  of concen t ra ted  hyd roch lo r i c  a c i d  ( H C ~ )  and 

1 0  drops  of concen t r a t ed  a c e t i c  ac id . .  

.4. Add 25 m l  l e a d  a c e t a t e  s o l u t i o n .  

5. Allow t o  starid b r i e f l y  u n t i l  ' s e t t l e d  and then  f i l t e r  w i t h  

s u c t i o n  t h e  p r e c i p i t a t e  on to  a  weighed g l a s s  f i b e r  f i l t e r  

p laced . i n  t h e  f i l t e r  . ho lde r .  

6 .  . Rinse t h e  c e n t r i f u g e  tube .w i th  . e t h y l  a l c o h o l  and pour  t h e  

r i n s i n g s  through t h e  f i l t e r .  
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D. PROCEDURE ( ~ o n t  Id)  

7 .  Wash the  p r e c i p i t a t e  w i t h  app rox ima te ly .10  m l  e t h y l  a l -  

cohol  and 1 0  m l  of d i e t h y l  e t h e r .  

8. . P l a c e  . f i l t e r s  c o n t a i n i n g  t h e  p r e c i p i t a t e  i n . a  .d .es icca tor  

f o r  '10 minutes .  

9. Weigh t h e  f i l t e r  and p r e c i p i t a t e  on an a n a l y t i c a l  ba-  

l a n c e  t o  t h e  n e a r e s t  0 . 1  mg. 

1 0 .  S u b t r a c t  t h e  t a r e  ,weight  of t h e  f i l ter  t o  o b t a i n . t h e  

weight  of t h e  p r e c i p i t a t e .  

11. .Mount t h e  f i l t e r  on a  s u i t a b l e  h o l d e r .  

NOTE: Suitab1ekioI'd'er.s ,.. . a r e  desc r ibed  by Overman and Cla rk  
. . . . 

. . . . . . 

. . . :' 12 .  count  on t h e  p r o p o r t i o n a l  . f low ' c o u n t e r  -or .  on a  gamma- 
. . 

. '  - kay spec t rome te r .  
. . 

.. . 

E . . CALCULATIONS 
. . 

. . 

The f l u o r i n e ,  . . a c t i v i t y  . i s  p r i m a r i l y  composed of 1 l l . m i n u t e s  

h a l f  - l i f e  f l u o r i n e - 1 8 .  

Beta  Method 

1.. -Count f o r  5 minute.  i n t e r v a l s  a t  t h e  Beta v o l t a g e  s e t t i n g .  



FLUORINE - I $, 

E. CALCULATIONS ( ~ o n t ' d )  

2. Cor r ec t  f o r  a  5 minute background and c a l c u l a t e d  d i s -  

i n t e g r a t i o n  r a t e  of f l uo r ine -18  u s i n g  t h e  fo l l owing  equa t ion  : 

dpm-ml = (v*) 

Where : 

C = Counts pe r  minute f o r  F-18, c o r r e c t e d  f o r  background 

c o u n t e r  and e x t r a p o l a t e d  back . t o  sampling time -. 

E = -Counting e f f i c i e n c y  
= 

Fy = F r a c t i o n a l  chemical  y i e l d  f o r  t h e  s e p a r a t i o n  

V = Voiiune of sample i n  - m l .  

3. . P l o t  a  decay curve on s emi log .pape r  . o f r t h e  c o r r e c t e d  

counts  p e r  ,minute ve r sus  t ime.  

I NOTE: A decay curve should be t aken  o v e r ' a  per iod  of se.-.: 

: ve ' ra l  hours  (4-6 h o u r s )  and e x t r a p o l a t e d  back t o  
U 

- sampling t ime.  

Gamma-Ray Spec t rometer  -Method 

4. Determine t h e  d i s i n t e g r a t i o n  r a t e  by de te rmin ing  t h e  

a r e a  unde.r t h e  O . , 5 1  Mev a n n i h i l a t i o n  photo-peak ,for: . : f luo- 

r i n e  -18. 



'E,. CALCULATIONS ( ~ o n t  d ) 

5. To c a l c u l a t e  d i s i n t e g r a t i o n  r a t e  o f  f l u o r i n e - 1 8  use  

6.  . Repeat s t e p  E-3 f o r  de te rmin ing  :hal f  - l i f e .  



Section VI 

DISSOLUTION METHODS 

This secti0n.i~ a collection of dissolution'procedures' for 

quantitative removal of sorbed activity from ion -exchange 

resins and also the dissolution of insoluble corrosion 

products which flake off metal surfaces and transported 

through the cooling system. The dissolution methods have 

been written for their simplicity of the chemical.opera- 

. tions i,nvolved . 



ION-EXCHANGE RESIN DISSOLUTION 

Method No. D - 1  - 

SUMMARY OF METHOD 

Q u a n t i t a t i v e  removal of sorbed a c $ i v i t y  from i o n  exchange 

r e s i n s  i s  most e f f e c t i v e l y  accomplished by complete ly  des -  

t r o y i n g  o rgan ic  r e s i n  w i t h  concu r r en t  d i s s o l u t i o n ' o f  a l l  

i o n i c  a c t i v i t y  i n  t h e  r e a c t a n t  s o l u t i o n .  Hot c o n c e n t r a t e d '  

s u l f u r i c  ' ac id  ..is e f f e c t i v e  . i n  degrad ing  t h e  r e s i n  ..so , t h a t  

subsequent  o x i d a t i o n  w i t h  . h o t  concen t r a t ed  n i t r i c  a c i d  

( H N Q ~ )  r e s u l t s  i n  complete r e s i n  d i , s s o l u t i o n .  

It should be noted t h a t  f o r  t h e  recovery  o f  a c t i v i t y  

 from : r e s i n  .samples r e f e r  t o  Method No. D-2. 

1, Hot- p l a t e  

2. ' 3 each  - 600 m l  beake r s  

3.: '1 each  - t r a n s f e r  p i p e t t e s  w i t h  , r u b b e r .  bu lb  : a t t ached  

C .  REAGENTS AND MATERIALS 

. . . . . . . .  . 

1 . :  concentp ibed .  n i t r i c  a c i d  ( 1 5 . 7 ~ )  

2. Concentra ted s u l f u r i c  . a c i d  (36. ON)  

3. S tandard ized  c a r r i e r s  f o r  e a c h . o f  t h e  i s o t o p e s  t o  be 

ana lyzed .  



ION-EXCHANGE 'IIESIN DISSOLUTION 

1, Weigh t o  t h e . n e a r e s t  . O 1  gm approximately  5 grams of 

a i r  d r i e d  r e s i n  t o  be ana lyzed . and  p1ac.e . i n - . a  600 m l  

NOTE: Perform t h e  d i s s o l u t i o i ~  i n  t r i p l i c a t e  i n  a  .fume 

hood. 

Add 20 mg .of s t anda rd i zed  c a r r i e r  f o r  each .of  t h e  

- i s o t o p e s  undergoing a n a l y s i s .  

3. Add 2 m l  of concen t ra ted  n i t r i c  a c i d  ( H N O ~ )  and 

cover  t h e  beaker  w i th  a  watch . g l a s s .  . . 

4. P lace  beakers  on a  h o t  p l a t e  and evapora te  t o  d ry -  

n e s s .  

CAUTION: Use .low h e a t  t o  evapora t e  t o  d rynes s .  

5. ' When . t h e  sample.  i s  d ry ,  t u r n  t h e  h o t  p l a t e  tempera- 

t u r e  c o n t r o l  t o  t h e  .HIGH , p o s i t i o n  and . c h a r  t h e ' . r e s i n .  

6.. Cool and add 50 m l  of c .oncentra ted s u l f u r % c  a c i d '  

7 .  . P l a c e  on t h e  h o t  p l a t e  and h e a t  t o  dense -whi te  ,fumes. 

8. Keeping t h e  sample on t h e  h o t  p l a t e ,  add concen t ra ted  

n i t r i c  a c i d  (HNO ) c a r e f u i l y  by ,  a l l owing  t h e  HNO t o  ' r u n  
3 3 

s lowly  .from .a  t r a n s f e r  p i p e t t e  down t h e  . s i d e  ,of t h e  beaker .  



ION-EXCHANGE FESIN DISSOLUTION 

D .  .Procedure  ( ~ o n t ' d )  

CAUTION: E x c e s s  s p l a s h i n g .  may .be avoided by keeping t h e  

t empera ture  of t h e  s u l f u r i c  a c i d  s o l u t i o n '  j u s t  

s l i g h t l y  .above. t h e  b o i l i n g  p o i n t  of  t h e  . n i t r i c  

a c i d  ( B N O ~ ) .  

NOTE : The b l ack  mixture  w i l l  . s lowly c l e a r ,  t he ,  f i n a l  

s o l u t i o n .  should  be perfe.c.tl;y. ' c l e a r  .except  f o r  

i n s o l u b l e  s u l f a t e  p r e c i p i t a t e s  such . a s  barium 

For  one gram of r e s i n ,  20-30 m l  of concen t ra -  

t ed  n i t r i c  a c i d  ( ~ ~ 0 3 )  should  be s u f f i c i e n t .  

E. CALCULATIONS 

None 



I O D I N E  EXTRACTED FROM ION-EXCHANGE RESIN 

Method No. D-2 - 

A. SUMMARY. OF PETHOD 

For t h e  s p e c i f i c  determinat ion of r ad ioac t ive .me ta1  nuc l ides ,  

t h e  r e s i n  i s  g e n e r a l l y  destroyed ( ~ e f e r e n c e  D-1  method). 

The s e v e r i t y  of t h i s  p r o c e s s u s e d  t o  des t roy  t h e  r e s i n  would 

r e s u l t  i n  a  complete l o s s  of iod ine  a c t i v i t i e s .  Therefore,  

a  sepa ra te  sample of r e s i n  should be used f o r  iodine  analyses .  
. . . . 

The iodine  a c t i v i t y  i s  removed . , by oxidat ion t o  t h e  molecular 

s t a t e  and ex t rac ted  i n t o  carbon t e t r a c h l o r i d e .  The ibd ine -  i s  

f i n a l l y  p recep i t a t ed  a s  Pd12 f o r  weighing and counting. 

APPARATUS 

1. Normal l abora to ry  glassware i s  required f o r  t h i s  work. 

2. Glass F ibe r  F i l t e r  - 1 ipch diameter x  0.01 inches  t h i c k  

should be used. Any s i m i l a r  f i l t e r  w i l l  be s u i t a b l e  provided 

i t  r e t a i n s  f i n e  p r e c i p i t a t e s  adequately and maintains  cons tant  

weight t o  f 0.1 mg during f i l t r a t i o n  and drying.  

3,. F i l t e r  Holder - The f i l t e r  ho lde r  &st hold t h e  1 i n c h .  . 
. , 

f  i i t e r s  r i g i d l y  i n  place during f i l t r a t i o n .  . . . , .. .. , " 

NOTE: Care should be taken t o  c lean  t h e  ho lde r  thoroughly 

between f i  l t r a t i o n s  t o  prevent cross-contamination .. 



I O D I N E  EXTRACTED FROM ION-EXCHANGE RESIN 

B. APPARATUS ( ~ o n t  P d  ) 

4. Desiccator  - The d e s i c c a t o r  wst hold f o u r  1 inch 

diame'ter f i l t e r s  s i m i l a r  t o  F i she r  No. 8-615. 

Oven - Oven should be g r a v i t y  convection type and be 5. - 
. . 

ab'le t o  supply uniform hea t  at- llo°C t o  a t 0 . 5 ~ C .  

( ~ i s h , e r  No. 13-244-1 o r  e q u i v a l e n t ) .  

6. Analyt ical  Balance - It should be capable . to  weigh"; to  
I 

t h e  nea res t  0.1 m g .  

7. Gamma-Ray Spectrometer - A sodium iodide  s c i n t i l l a t i o n  

d e t e c t o r  assembly connected t o  the  a p p r o p r i a t e  a m p l i f i e r  

and pulse  he ight  analyzer .  

8. The fol lowing a d d i t i o n a l  supp l i e s  a r e  needed: 

a. 1 ea Separatory funnel ,  1000 m l  Squibb type 

. b .  2 ea  Separatory funnel ,  125 r n l  Squibb type 

1 ea  50 m l  beaker c 0 

d'. L ea  10  m l  graduated c y l i n d e r  

e . . 1 .ea 100 m l  beaker 

f . 1 ea  Separatory funnel ,  60 m l .  Squibb type 

C, REAGENTS AND MATERIALS 

1. Pur i ty  of Reagents - Reagent grade chemicals s h a l l  be 

. used t o  prepare reagents .  Unless otherwise ind ica ted ,  a l l  

-284- 



I O D I N E  EXTRACTED FROM ION-EXCHANGE RESIN 

C . REAGENTS AND MATERIALS ( ~ o n t  Id ) 

, . 
reagents  . , s h a l l  conform t o  t h e  s p e c i f i c a t i o n s  of t h e  Committee 

on Analyt ical  Reagents of t h e  American Chemical Society.  

Other reagents  may be used, provided they  a r e  of s u f f i c i e n t  

p u r i t y  t o  g ive  t h e  same accuracy. 

2. Pur i ty  of Water - A 1 1  water used i n  preparing t h e  reagents  

and i n  d i l u t i n g  t h e  samples s h a l l  be demineralized water and 

conform t o  t h e  Spec i f i ca t ion  f o r  Reagent Water (ASTM Designa- 

t i o n  D 1193).  
$ 

3. Ethyl Alcohol - E i t h e r  CP e t h y l  a lcohol  o r  denatured 

e t h y l  a lcohol  (denatured according t o  formula No. 30, 

Regulations No. 3 and i t s  appendix,. U.  S. Bureau of ~ n t e r n a l  

Revenue) s h a l l  be used f o r  s t andard iza t ion  of t h e  c a r r i e r s .  

4. 2M Sodium Carbonate - Dissolve 21 gms sodium carbonate 

(Na2c03) i n  100 nil water.  

5. 1 M  Hydroxyalmine Hydrochloride - Dissolve 7 gms hydro- 

xylamine hydrochloride ( N H ~ O H - H C ~  ) i n  100 m l  water.  

NOTE: S to re  i n  cool  place.  

6. 1 N  N i t r i c  Acid ( H N O ~ )  - Measure 64 m l  of 15.7N n i t r i c  

ac id  ( H N O ~ )  and d i l u t e  t o  1 - l i t e r  with water. 

7. 0.1M Palladium Chloride - Dissolve 21.4 gms of palladium 

ch lo r ide  ( ~ d ~ 1 ~ - 2 ~ ~ 0 ) l a n d  d i l u t e  t o  1 - l i t e r  with water. 

-285- 



IODINE EXTRACTED FROM ION-EXCHANGE RESIN 
. . 

C, REAGENTS AND MATERIALS { ~ o n t ~ d )  
. . . .  

8. 2M Sodium Carbonate (Pla2co3) - Disso lve  105 gms sodium 

carbona te  ( ~ a  C0 ) and d i l u t e  with 500 m l  wa te r .  
2  3 

9 .  The. a d . d i t i  ona l  chemi c a l s  a r e  needed : 

a .  Carbon t e t r a c h l o r i d e  (CCI.4) 

b.  Conc; N i t r i c  Acid (FINO3) 

c .  S tandard ized  i o d i n e  c a r r i e r  (10  mg/ml) 

d .  Su l fu rous  a c i d  ( H  SO ) 
2  3 

e .  Sodium n i t r i t e  ( N a ~ 0 ~ )  ( s o l i d )  

f . Sodium h y p r o c h l o r i t e  , (53) (Nac10) 

D. PROCEDURE 

1. I n  a 100 m l  beaker  c o n t a i n i n g  2  m l  of s t anda rd i zed  i o d i n e  

c a r r i e r  and L O  m l  of  2M sodium ca rbona t e  (Na C0 ) add 5gms of 
. 2  3 

a i r  d r i e d  r e s i n .  

NOTE: Sodium ca rbona t e  (Na C O " )  keeps  t h e  s o l u t i o n  a l k a l i n e  
2  3 .  

t o  p reven t  t h e  fo rmat ion  and subsequent l o s s  of  12. 
- 

2. Add L nil. of 5% ' sodium h y p r o c h l o r i t e  ( N ~ c ~ o )  s o l u t i o n ,  
-. 

p l a c e  kn a h o t  wa te r  b a t h  and s t i r  v igo rous ly .  

3. Cool t h e  s o l u t i o n  and then  t r a n s f e r  t h e  s o l u t i o n  t o  a  

60 ' m l  s e p a r a t o r y  funne l .  



'IODINE EXTRACTED FROM ION-EXCHANGE RESIN 

D. PROCEDURE ( Con t d ) 

4. To s e p a r a t e  i o d i n e  - 131 us-e  p r o c e d u r e  RC-1 s t a r t i n g  on 

s t e p  D-4 t h r u  D-29. 

E . CALCULATIONS 

Only t h e  8.05 d a y  1-131 w i l l  be  p r e s e n t .  Analyze  1-13 d a t a  

as s t a t e d  i n  p r o c e d u r e  RC-1 s e c t i o n  E. 



.DISSOLUTION OF CRUD 

Method No. 

SUMMARY OF METHOD 

The crud i s  inso lub le  corrosion products t h a t  f l a k e  o f f  

metal  . sur faces  and a r e  ' t ranspor ted  through the  cool ing 

system. The crud . i s  t r a n s f e r r e d  t o  a  porce la in  . c ruc ib le  

Coors #1 o r  .#2 ,and. ign i t ed  over ,a burner  ,and .fused . . in 

pyrosu l fa te  d isso lved  i n . a  hydrochloric  ac id  media and 

. d i l u t e d  t o  appropr ia te  volume. After : the crud . is put  

. i n t o  s o l u t i o n ,  the  d isso lved  .crud ..is then .radioassayed 

f o r  var ious  i so topes .  

B. APPARATUS 

1. No,rmal l 'aboratory glassware i s  required . f o r  . t h i s  

work. 

2 .  The following. equipment w i l l  be.  needed : 

. a .  1 ea - Porce la in  c ruc ib le ,  Coors #1 o r  #2 

b.. 1 .ea - .gas burner  i is her type burner :prefer red)  
. . 

c .  1 ea . -  150 r n l  beaker 

d .  1 ea - c r u c i b l e  tongs 
. . 

e  . 1 ea - 50 nrl  graduated cy l inder  

f .  1 .ea . -  .hot  p l a t e  . .  . 

g. .1 ea - 50 m l  volumetric f l a s k  



DISSOLUTION - OF CRUD 

C, -SEAGENTS A N D  MATERIALS 

I . . ., 1. Reagent grade chemicals s h a l l  be used t o  prepare reagents ,  

Unless otherwise ind ica ted ,  a l l  reagents  s h a l l  conform t o  the  

s p e c i f i c a t i o n s  of the  Cornnittee on Analy t ica l  Reag.ents of the  

American Chemical Society.  Other reagents  may be used pro- 

vided they .a re  of s u f f i c i e n t  p u r i t y  t o  give the same accuracy. 

2. P u r i t y  of Water - A l l  water used i n  preparing $he rea-  

gen t s  and i n  d i l u t i n g  the  samples s h a l l  be demineralized 

water  and conform t o  the  S p e c i f i c a t i o n  f o r  Reagent Water (ASTM 

Designation D 1193).  

3. 6~ Hydrochloric Acid ( H C ~ )  - Measure 100 m l  of concen- 

t r a t e d  ( 1 2 ~ )  hydrochloric  acid ( H C ~ )  and d i l u t e  with 100 m l  

water.  

4. Solid; potassium pyrosul fa te  ( K  S  0  ) .  . 2  2 7 

1. Place the  f i l t e r  paper containing the  crud i n  a  porce la in  

c ruc ib le  . 

2 .  I g n i t e  over  the gas  burner  (low flame u n t i l  f i l t e r  paper 

i s  completely chared) .  Turn up gas burner t o  a  medium flame 

and i g n i t e  f o r  10  minutes. 

NOTE: This opera t ion  should be performed i n  a  fume hood. 



DISSOLUTION OF CRTJD 

D. PROCEDURE ( c o n t l d )  

3. Cool porce la in  c ruc ib le  and add j u s t  .enough.sol id  potas-  

sium pyrosu l fa te  ( K ~ S ~ O ~ )  t o  cover  t h e  sample .  

4. Heat .over the gas burner u n t i l  a  .cherry -red melt  . i s  

formed . 
NOTE: This  opera t ion  should  be performed i n  a  fume hood. 

5. Cool the  plat.inum .cruc ib le  :and add 20 . m l  of 6~ 'hydro- 

c h l o r i c  ac id  ( H C ~ ) .  

6 .  Heat g e n t l y  on a hot  p l a t e  u n t i l  the s o l i d  has loosened. 

7. Afker . the s o l i d  has loosened- t r a n s f e r  bo a  ,150 ml beaker 

.and b o i l  u n t i l  t he  s,olid has complet-ely d isso lved .  

NOTE: . ~ d d . 6 ~  hydrochloric  .ac id  ( H C ~ )  i f  necessary.  

8. ' Cool and d i l u t e  t h e  s o l u t i o n t o  50 m l  w i t h  :water. 

NOTE::' .If 'Phi-56 . is  t.o be determined use two .25 m l  . a l iquo tes .  

E, CALCULATIONS . 

None. 



SECTION 'VII 

SCHEDULE FOR. RADIO AND WATER CHEMISTRY. ANALYSES 

A .  - LACBWR SAWLING SYSTEM 

The' LACBWR Sampling System provides  the  means by which the  

va r ious  Reactor  and Generator  P l a n t  Aux i l i a ry  Systems can 

b e .  sampled. The sampling program has  been designed t o  sup- 

plement p l a n t  o p e r a t i n g  in s t rumen ta t ion .  

Routine sampling. o f  t he  Reactor  and Generator  P l a n t  Auxi1.- 

i a r y  Systems enables  the  p l a n t  chemist t o :  

1. Maintain chemical c o n t r o l  w i th in  the  l i m i t s  

s p e c i f i e d  i n  the  o p e r a t i n g  manual a n d - a s  d i c t a t e d  by 

good -wa te r  chemistry  c ~ n t r o l / ' ~ r a c t i c e  t o  ach ieve  

optimum water  q u a l i t y  f o r  the  p r o t e c t i o n  of  p l a n t  

I equipment. - 

2'. E s t a b l i s h  base l i n e  water  chemistry  and r a d i o -  

chemistry  d a t a  f o r  use i n  t he  d e t e c t i o n  and i n t e r -  

p r e t a t i o n  of  abnormal c o n d i t i o n s .  
v 

3. C a l i b r a t e  and check s t a t i o n  o p e r a t i n g  i n s t r u -  

.merits . 
'I 

4 .  Determine t h a t  a c t i v a t i o n  .of t h e  system co r -  

I . r o s i o n  products  from s t r u c t u r a l  m a t e r i a l s  does :not 

-exceed expected va lues .  



SECTION , V I I  

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES 

A .  .LACBWR Sampling System ( ~ o n t ' d )  

5 .  Provide e f f i c i e n c y  and o p e r a t i o n a l  in format ion  

on t h e  p u r i f i c a t i o n  demine ra l i ze r s  systems. 

I n  a d d i t i o n  t o  the  normal c o n t r o l  procedures  such a s .  pH, 

conduc t iv i ty ,  and c h l o r i d e  used t o  determine whether chemi- 
1 

c a l  c o n t r o l  i s  o p e r a t i n g  a s  designed,  t he  system provides  

a  means f o r  conduct ing t h e  fo l lowing  chemical t e s t s  f o r  

g a t h e r i n g  a  h i s to ry .  of  p l a n t  o p e r a t i o n  on which t o  base 

t h e  d e t e c t i o n . a n d  i n t e r p r e t a t i o n  of  abnormal cond i t ions :  

1. T o t a l  I r o n  and Copper - Determining t h e  l e v e l  

of copper i n  t h e  r e a c t o r  coo lan t ,  feedwater  and f u l l  

flow condensate systems enaljl'es t h e  p l a n t  chemist t o  

e s t a b l i s h  a  m a t e r i a l  balance and t o  d e t e c t  abnormal 

co r ros ion  behavior of components tn these  systems. 

T o t a l  i r o n  determines  r e l a t i v e  . r a t e  of t o t a l  system 

co r ros ion  and t o t a l  c,opper determines  condenser 

tub ing  c o r r o s i o n .  

2 .  Dissolved Oxygen.- .Determining the  d i s s o l v e d  

oxygen concen t r a t ion  i n  t h e  r e a c t o r  coo lan t ,  feed-  

water ,  and f u l l  f low condensate systems enables  t he  

p l a n t  chemist t o  b e t t e r  understand p l a n t  co r ros ion  

wi th  s p e c i a l  i n t e r e s t  focused on r e a c t o r  components 



SECTION V I I  

SCHEDULE FOR RADIO AND WATER .CHEMISTRY ANALYSES 

A .  . LACBWR Sampling .System ( ~ o n t  Id)  

s u b j e c t  t o  chJori.de s t r e s s  c o r r o s i o n  c r ack ing . and  t o  

d e t e c t  a i r - i n l e a k a g e .  

3. T o t a l  S o l i d s  - DetermLning t h e  t o t a l  s o l i d s  con- 

c e n t r a t i o n  of t h e  r e a c t o r  c o o l a n t ,  f eedwate r  and f u l l  

f low condensate  systems enab le s  t h e  chemist  t o  b e t t e r  

unders tand  o v e r a l l  p l a n t  c o r r o s i o n  behavior  and t o  

d e t e c t  condenser  i n l eakage .  

4 .  S i l i c a  - Determining t h e  . s i l i c a  . c o n c e n t r a t i o n  of 

t h e  feedwate r ,  main steam and t h e  v i r g i n  and conden- 

s a t e  s t o r a g e  t a n k s  enab le s  t h e  chemist  t o  e s t a b l i s h  

a  m a t e r i a l  ba l ance ,  t o  d e t e c t  condenser  i n l eakage ,  t o  

i n s u r e  p rope r  makeup wa te r  q u a l i t y ,  and t h e - m i n i m i z a ~  

t i o n  of S i02  c a r r y o v e r  and t u r b i n e  b l a d e  bu i ld -up .  

5. Radionucl ide  S e p a r a t i o n  - .Determining t h e  fo l low-  

i n g  l i s t  of r a d i o n u c l i d e s  piresent i n  t h e  r e a c t o r  

coo lan t  w i l l  e s t a b l i s h  t h e  c o n c e n t r a t i o n  and t y o e s  of 

co r ros ion -e ros ion  produc ts  p r e s e n t  i n  t h e  c b o l a n t  and 

a l s o  determine . i f  f u e l  f a i l u r e  .occured.  

The fo l l owing  . a r e  t y p i c a l  r a d i o n u c l i d e s  p r e s e n t  i n  

w a t e r  r e a c t o r  c o o l a n t :  
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SCHEDULE'FOR RADIO AND WATER CHEMISTRY ANALYSES 

A .  . LACBWR Sampling.  System ( ~ o n t  Id)  

Coolant  Ac t iva t i on  
:Products  

A<, 

Radionucl ide  H a l f - l i f e  

N-16 7.35 s e c .  
N - 1 3  1 0 . 0  min. 

~ r - 4 1  .1.83 h r s  . 
F.18 . ,111.0 min. 

~ a - 2 4  15..0 h r s .  

. F i s s i o n  ,Products  

,Radionucl ide  Half - 1 i f  e  

1-134 58.0 min. 
.I-135 6 .7  h r s .  
1-133 21,O h r s .  
. I - I ~  8 .05  days 

: Cs-139' 9 .5  min. 
. Cs-138 32 .2  min. 
. Cs-137 30 y r s  . 
. Ba-139 83 min . 
.Ba-140 1 2 . 8  days 
Sr -91  9 . 7  h r s .  

. ~ r - 9 2  2 .7  h r s .  
s r -89  50 .4  days 
Sr-90 27.7 y r s .  
zr-95 65 days 
Mo-99 66 h r s  . 

. Xe-133 5 .27 days  
'Xe-135 9 . 2  h r s .  
.Xe-l35m .15 min . 
Kr-85 1 0 . 4  y r s .  

. A c t i v a t e d  Corros ion 
Produc ts  

Radionucl ide  Half -1 i f  e  

2 .58  h r s .  
2.56 h r s .  

12 .9  h r s .  
24'. 0  h r s  . 
27 .8  days 
45.0 days 
65 .0  days  
71.0  \-.dg-ys 

5.27 y r s .  
,314.0 days 

Reac tor  P u r i f i c a t i o n  

The r e a c t o r  p u r i f i c a t i o n  system can be sampled a t  two p o i n t s :  

i n f l u e n t  and e f f l u e n t  . s t reams .  

The i n f l u e n t  sample connect ion,  l o c a t e d  upsbream of c a t i o n  

and mixed bed i o n  exchanger and downstream of va lve  51-24-007, 

c o n s i s t s  o f  a  1/2" s t a i n l e s s  s t e e l  p i p e  and .two normal ly  c losed  

1/2" s t a i n l e s s  s t e e l  g lobe  va lves  (51-23-001 and 51-23-002). 

The e f f l u e n t  sample-connec t ion ,  which is. l o c a t e d  upst ream of 
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SCHEDULE 'FOR .RADIO AND WATER CHEMISTRY.--ANALYSES 

A .  . LACBWR Sampling system ( ~ o n t  Id)  

51-24-014 and downstream.of c a t i o n  and mixed bed i o n  exchanger 

c o n s i s t s  of  a  1/2" s t a i n l e s s  s t e e l  p ipe  and two' normal ly .  

c'?osed 1/2If s t a i n l e s s  s t e e l  g lobe  va lves  (51-23-003 and 51- 

23-004) . 

Both sample connec t ions  t e rmina t e  o v e r  a sma l l  s t a i n l e s s  

s t e e l  combination sink-work t a b l e  loca , ted  a t  e l e v a t i o n  

621. -0". 

Overhead Wat.er .S torage  Tank 

The overhead wa te r  s t o r a g e  t ank  sample p o i n t ,  w h i c h . i s  

l o c a t e d  upst ream o f  t h e  locked c lo sed  3' d r a i n  va lve  69- 

24-002 above t h e  main f l o o r ,  c o n s i s t s  of a  .1/2" carbon s t e e l  

p ipe  and a 1/2" .globe v a l v e  69-23-001. T h e  sample connec- 

t i o n  t e r m i n a t e s  a t  t h e  . sampl ing . t a b l e  l o c a t e d  a t  e l e v a -  

t i o n  667 ' -0". 

Boron. . . In jec . t ion 

The Boron : I n j e c t i o n  .System .can be sampled a t  two p o i n t s :  

s t o r a g e  t ank  and pump s u c t i o n  l i n e .  

The s t o r a g e  t ank  sample connec t ion  i s  l o c a t e d  d,ownstream 

of t h e  t ank ,  and upst ream of t h e  locked-open .3" g a t e  va lve  
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Boron I n j e c t i o n  ( c o n t l d )  

Both sample p o i n t s  l o c a t e d  a t  e l e v a t i o n  667 ' -o" ,  a n d  each 

c o n s i s t s  of  a  1/2" s t a i n l e s s  s t e e l  p ipe  a.nd a  1/2" g lobe  

va lve  (60-23-001 t ank  sample 60-23-002 pump s u c t i o n  l i n e  

. sample) .  

The i n j e c t i o n  l i n e  .sample p o i n t ' j u s t  upst ream of a u t o  con- 
3 

t r o l  va lve  60-25-001 i s  u s e f u l  i n  d e t e c t i n g  any c . r y s t a l l i . -  

z a t i o n  of t he ' sod ium pen tabo ra t e  i n  t h e  s u c t i o n  . l i n e .  

.Shl&ld Cool ing  

T h e . S h i e l d  Cooling System sample p o i n t ,  l o c a t e d  on t h e  

. s h i e l d  c o o l i n g  pump d i s c h a r g e  .header  upst ream of t h e  s h i e l d  

coo l ing  f i l t e r ,  c o n s i s t s  of a  1/2" carbon s t e e l  p ipe  and 

1/2" g lobe  va lve  59-23-002. 

The sample connec t ion  t e r m i n a t e s  o v e r  t h e  sma l l  combina- 

t i o n  sink-work t a b l e  provided f o r  t h e  Reactor .  P u r i f i c a t i o n  

.Sys tem a t  e l e v a t i o n  621 '  -0''. 
. . 

. . , .  . . . . -  
.Fue l  ' s to rage  Well 

The F u e l  S to rage  W e l l s y s t e m  .can be sampled at. '&o p o i n t s  

a t  e l e v a t i o n  642 '  -9". One sample p o i n t  i s  l o c a t e d  u p s t r e a m .  

o f  t h e  f i l t e r ,  and' downstream of  t h e  .skimmer. and overhead 

s t o r a g e ' t a n k  connec t ions .  (58-23-003) Another sample p o i n t  

i s  l o c a t e d  on t h e  r e t u r n  l i n e ,  immediately upst ream of t h e  

-296-, 



SECTION V I I  

SCHEDULE FOR RADIO AND WATER CHEMISTRY ANALYSES 

Fuel s to rage  Well ( ~ o n t  Id) 

f u e l  s to rage  wel.1. (58 -23-002) 

Each sample connect ion c o n s i s t s  of a 1/2" s t a i n l e s s  s t e e l  

pipe and a normally c losed  1/2" globe valve (58-23-002 and 

58-23-003) . 

Component Cooling. Water 

The Component Cooling Water System sample p o i n t ,  l oca ted  on 

the  component c o o l i n g . w a t e r  pump d ischarge  header  c o n s i s t s  

of a 1/2" carbon s t e e l  p ipe  and 1/2" globe valve 57-23-003 

a t  e l e v a t i o n  640 -0" i n  the  Generator P l a n t .  

Liquid Waste 

The Liquid Waste Disposal  System can be sampled a t  8 p o i n t s :  

1. Each of  the  two 6,000 g a l l o n  r e t e n t i o n  tanks ( 1 A  

and 1 ~ )  has* a bottom sample connect ion c o n s i s t i n g . o f  
. . U 

1" carbon s t e e l  p ipe  and a 1" bronze globe valve (54- 

23-006 " 1 A "  and 54-23-007 "1.~"). Both sample con- 

nec t ions  te rmina te  over  ' t h e  c.ombination sink-work 

t a b l e  loca ted  a t  ele'va.tion 621 -0". 

2 .  The 3000 g a l l o n  waste water  s to rage  tank  has  a 

bottom sample connection c o n s i s t i n g  of a 1" carbon 

s t e e l  p ipe  and 1" bronze globe valve 54-23-008. 
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SECTION. VII 

SCHEDULE FOR RAD.10 AND WATER CHEMISTRY ANALYSES 

Liquid Waste (~ont ld) 

3. The 4500.gallon.waste water seorage tank has a 

bottom. sample .connection consisting of a 1" carbon 

steel pipe and 1" bronze globe valve 54-23-009. which 

terminates outside the shielding wall.which surrounds 

the tank. 

4. The evaporator feed tank has .a. bottom sample 

connection consisting. of 1/2" stainless steel pipe 

which is. extended outside the shielding well.. and 1/2" 

stainless steel globe valve 54-23-013. 

5. The 1 gpm. waste evapora,tor has a bottom sample 

connection consisting. of 1" stainless steel pipe and 

a 1" stainless steel extended stem ball 'valve 54-23- 

011. 

6. The. spent resin tank has .a. bottom .sample connec- 

tion consisting of 1/2" stainless steel pipe extended 

outside the. shield .wall and 1/2" stainless steel ball 

7. The water collection tank has a bottom sample 

connection consisting of 1" carbon steel pipe and 

1" bronze globe valve 54-23-005. 

8. The. 500 gallon concentrated. waste storage tank 
, 

has :a bo-ttom sample connection consisting of 1" 



SECTION V I I  

SCHEDULE FOR RADIO AND WATERCHEMISTRY ANALYSES 

Liquid Waste ( ~ o n t  Id) 

s t a i n l e s s  s t e e l  p ipe  and a  1" extended - stem. and 

handwheel diaphragm va lve  54-23-012. 

The evapora to r  and evapora to r  f eed  tank  sample p o i n t s  

t e rmina t e  : a t  a  c e n t r a l  sampling s t a t i o n  l o c a t e d  over  a  

sample t rough  j u s t  - o u t s i d e  t h e  s h i e l d . w a l 1  i n  the  waste 
1 

disp.osa1 b u i l d i n g .  The spent  r e s i n  t ank  .sample p o i n t  w i l l  

ex tend  down i n t o  t h e  basement. The water  co1 , lec t ion  t ank  

sample. p o i n t  w i l l  be l o c a t e d .  a t  t h e  t ank .  

,GaseousWaste System 

The ~ a s ' e o u s  Waste System can be sampled . . a t  . four p o i n t s :  

. two . f o r  gaseous con ten t ,  a.nd two f o r  condensed. mois ture .  

The two 1600 c u .  f t .  gas  s t o r a g e  tanks ,  l o c a t e d  i n  t h e  

underground gas  s t o r a g e  v a u l t ,  have a  common bottom sample 

connec t ion  . c o n s i s t i n g  of a  1/4" ca rbon ,  s , t e e l  . p i p e  and. 1/4" 
, . 

carbon. .  s t e e l  globe va lve ,  55-23-008. Th i s  bottom sample 

connec t ion  , t o g e t h e r  w i t h  t a n k  d r a i n  va lves  ..55-23-00,@<,and , . 

007,.  a r e  used t o ,  sample t h e  conde.nsed .mo i s tu re  i n  t h e  

t anks  ; 

I n  a d d i t i o n ,  each gas  s t o r a g e  tank  has  a  t op . sample  con- 

n e c t i o n  c o n s i s t i n g  of  a 1/4" carbon s t e e 1 , p i p i n g  and 1/4" 
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SCHEDULE FOR. RADIO, AND WATER CHEMISTRY ANALYSES 

Gaseous. Waste System (Cont Id) 

carbon s t e e l  needle  va lves ,  55-23-011 ( ~ a n k .  No. "1~" )  and 

55-23-010 (Tank No. " 1~" )  . These top sample connect ions  

a r e  used t o  sample the  gaseous con ten t s  of  t h e  t anks .  

The two gaseous sample l i n e s  te rmina te  . ove r  .a sample t rough 

on a  t a b l e  i n .  t he  .waste d i s p o s a l  bu i ld ing .  

Shutdown Condenser 

The Shutdown Condenser can be sampled a t  two p o i n t s :  

s h e l l  s i d e  coo lan t  and condensate r e t u r n .  

The s h e l l  s i d e  sample connection,  l o c a t e d  upstream of  d r a i n  

valve 62-24-018 c o n s i s t s  of a   sample coo le r ,  1/2" carbon 

s t e e l  p ipe  and 1/2" bronze globe va lves  62-23-003 and 62- 

23-004. 

Feedwater - 

The F e e d w a t e ~  System sample p o i n t ,  l o c a t e d - a t  e l e v a t i o n  

621 I -o", c o n s i s t s  o f  a  sample coo.ler, l/P1 s t a i n l e s s  s t e e l  

p ipe  and two ,normally c losed  1/2" s t a i n l e s s  s t e e l  giLobe 

va lves  65-23-001 and 65-23-002, which a r e  l o c a t e d  down- 

s t r eam.o f  valve 65.-24-001. 
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SCHEDULE FOR RADIO AND WATER CKEMISTRY ANALYSES 

Main Steam 

The Main Steam Sampling arrangement, l o c a t e d - a t  e l e v a t i o n  

667" -0", c o n s i s t s  of a n  ASME sample nozz le ,  a  t h r o t t l i n g  

c a l o r i m e t e r  and a . s ample  c o o l e r .  

The t h r o t t l i n g  c a l o r i m e t e r  i s .  used t o  measure s team.  q u a l i t y .  

The condensed steam l e a v i n g  t h e  sample c o o l e r  can be 

sampled v i a  a 1" s t a i n l e s s  s t e e l  p ipe  and two 1" s t a i n -  

l e s s  s t e e l  globe va lves  (64-23-001 and 64-23-002). 

.The Full-Flow Condensate Deminera l iza t ion  System can  be 

.. sampled a t  f o u r  p o i n t s :  One common sample p o i n t  i n  t h e  

i n f l u e n t  s t ream and a  s e p a r a t e  sample p o i n t  i n  th,e e f f l u -  

- e n t  stream. f o r  each of t h e  t h r e e  mixed-bed demine ra l i ze r s .  

The common i n f l u e n t  sample connect ion i s  1 o c a t e d . o n  t h e  

- condensate pump d ischarge  header  downstream- of conduct iv-  

i t y  element and upstream.of  t h e  t h r e e  demine ra l i ze r s .  It 

c o n s i s t s  of a  1/2" carbon s t e e l  p ipe  and two 1/2" carbon 

s t e e l  globe va lves .  

Each e f f l u e n t  l e g  o f  t he  t h r e e  demir ieral izers  i s  . f . t t t e d  , 

wi th  a 1/2" c a r b o n . s t e e 1  p ipe  and. two 1/2" . carbon . s t e e l  

globe va lves  loca t ed  downstream of t h e  ex tended . s t em 



SECTION VII 

SCHEDULE, FOR RADIO AND .WATER CHEMISTRY ANALYSES 

Full-Flow Condensate Demineralization (cont1d) 

handwheel effluent valves. 

Demineralized .Makeup and Well Water 

The. Demineralized-Makeup and Well' Water System.can be 

sampled..at five points. 

The deep well water supply sample connection, located 

downstream of the deep well pumps and. upstream. of the 

catlon exchanger, consists of a .1/2" line and a. 1/2" globe 

valve. 

The cation exchanger sample connection is located. on the 

demineralizer effluent line 'and consists of a 1/2" line 

and a .1/2" g1.o be valve. 

The anion exchanger sample connection is 1ocated.on the 

demineralizer eFfluent line and consists of a 1/2" line 

and - a 1./2" globe valve. 

RADIO AND WATER CHEMISTRY TESTS 

The yater chemistry limits shown on Table VII-I are those 

recommended for normal plant operation. No,rmal operation 

is defined.when the plant turbine is .at ,20 percent. load 

or above. Radio and Water Chemistry tests.shown without 

. . . . I . .~ . ,... . . - ,  . . .  *-302- , . . . !  . . :, , . . .  . . * . .  . . I . !  



,SECTION V I I  

SCHEDULE 'FOR. RADIO AND .WATER CHEMISTRY ' ANALYSES 

B. RADIO .AND WATER CHEMISTRY TESTS ( ~ o n t  Id ) 

1imi t s :a re  t hose  t e s t s  which a r e  conducted t o  g a i n  

base  . l i n e  o p e r a t i o n a l  d a t a .  



Svstem 
Descr i p t  i on 

Samp l e 
Valve 

RADIO AND WATER CHEMISTRYTESTS SCHEDULE 

A n a l y s i s  Frequencx L i m i t s  Method Samp l e 
. Number - A l i quote  

Number (ml ) 

, REACTOR PURl F l CAT 1 ON 

l n f  l uen t  Sample 5 1 -23-002 
5 1-23-001 

E f f l u e n t  Sample 

Conduct i .,i t v  Gymhas-Crn) 
Ch !o r i oe  (ppm) 
Copper (ppm) 
l r o n  ( ppm) 
Ci sso l  ved Cxvgen ( ppm) 
S i  ! i c a  (prim) 
Radio:hemical I o d i n e  (dpm-ml) 
.Gross P l pha h c t i  v i  t y  (dpm-ml ) 

G ~ o s c - / ~ - ~  f i ~ t i  v.i t y ,  (dpm-%I ) 
Ga~ma-rav Spectrum o f  Water 
D i  s s o l v d  Sz! i d s  ( ppm) 
Suspended Sol i ds (ppm) 
Tc?al Sa21 i d s  ( ppm) 
Radiochemical Mancanese (dpm-ml) 

I Ces i urr. ( dpm-m.1) 
S t ron t i um " 

I r 3 n  I 

Chromi um " 
9 I Ss'd i um " 

Cobal t  " 
I0  id i ckn I 11 

C-pper " 

t Zi r c o n i  um " 

''. . N i t rogen  " 
F l u o r i n e  " 

H 
P 
Canduct i v i  t y  (4: mhos-Cm) 
Ch I o r  i de ( ppm) 

3 times/wk. 
3 'i i mes/wk. 
once! wk. 
once/wk 
once/wk. 
once/wk. 
once/v:k. 
oncejwk. 
once/wk. 
once/wk. 
once/mo. 
cnce/mo. 
once/mo. 
6 t imes /y r .  
6 t i r e s / y r .  
once/mc. 
once/mc. 
once/mo. 
onceimo. 
6 t imes /y r .  
6 t imes /y r .  
6 t imes /y r .  
6 t imes /y r .  
once/mo. 
once/mo. 

l .O max. 
0 l max. 

7.0 2 0.5 
1.0 mar. 
0.1 max. 

WC- I 

WC-2 
WC-3 
WC- 12 
WC-4 
WC-8A 
WC- 16 
RC- I 
RC-3 
RC- 1 4 

WC-6 
WC-5 
WC-7 
RC-2 
RC-4 
RC- 5 
RC-7 
RC-8 
RC-9 
RC- I 0  
RC- I I 
RC- 1 2 
RC- 1 6 
RC- 1 5 
RC- 1 7 

WC- I 
WC-2 
WC-3 

2 50 
25 
50 
50 ' 

See Method 
50 

See Method 
1000 

1 0 0  



System Samp ! e Sample 
D e s c r i p t i o n  Valve Ana lys i s  Frequency L.imi t s  Method A l i auotg 

Number Number (ml)  

E f  f l uen t  Sample (Con? 'd) 

I 1. OVERHEAD WPTEt? STORP.GE TANK . 69-23C0! 

Ill. BORON INJECTION TANK SPMFLE 60-23-331 

Copper ( ~ p n l  
1 r c n  (ppm). 
D i  ssc l  vea Cxygen (p im)  
S i I  i c a  (ppn:) 
Radi ocherni!:al I -a i ne (dsm-ml ) 

Gr%s ii l ~ h a  Pzt  i .,; ty (gpn-n! ) 
Grcssf i - f l  rt i v i  ty ( cpm-m! ) 

Carnca-r oy 5 9pc. t r  ti.n :I watar 
C , u s ~ ~ : l z e z  $(.;I i c s  ( 7 3 ~ )  
Tc!ral C..:l 11.; (ppn~) 
:?ad i c:!;emi l:iJ 1 !.:a!icar.ese ( dl>?;-s 1 

C'es i UT 
I I  . 

5 t rcr, t i u.r. 
1 r .07  * I .  

C k . r - ~ i  urn 1 8  

5 3 6  i ur. 
I I i;ot.a l t 

!?i cke l  
I( Copper. I 

. . 
Z i.r zcn i um 

I ?!i t r -gen  
I, F l u o r i n e  , 

2'j 
Conduci'i v i  t y  (4 mhcs-Cm) 
C h l o r i d e  (opm) 
Oross A c t i v i t y  (dpm-ml ) 

6cron (w/o) 

I V .  SHIELD COOLING 59-23-002 p 
H 

Ccnduct i v i  t y  (,q mhcs-Cm) 
T o t a l  Sol i 6s (ppm) 

' ' D i s s o l v e d S o l i d s ( p p m )  
S~spenCed Sol i ds (ppm) 
s r o s s 4 . - Y  A c t i v i t y  (dpm-CC) 
Gamma-ray Spectrum o f  Water 
C h l o r i d e  (ppm) 

once/wk. 
onceiwk. 
once/wk. 
once/wk. 
O C C B / W ~ .  

oncs!wk. 
or;ce,':vk. 
c;nce!;.ik .. 
::.;>ce/no. 
nnceimc. 
6 t i i n e s i y r .  
E t i n o s ' y r .  
or.caimc. 
c:!c.-/ma. 
c k e / n g .  
ar,is/mo. 
6 t i m e d y r .  
6 t imes/yr .  
E t i m e s l y r .  
6 t imes /v r .  
once/mo. 
cnce/mo. 

7.0 2 ! .O 
1.5 2 ! .5,, 
0.1 nax. 

WC- 12 
WC-4 
WC-a/: 
WC- 16 
RC- I 
RC- 3 
RC- I 4  

h'C- 5 
WC-7 
RC-2 
RC-f. 
RC-5 
ric-7 
RC-e 
RC-i) 
RC-I0 . 
RC- I I 
RC- 12 
RC- 1 6 
RC- 1 5 
RC- 1 7 

WC- I 
WC-2 
KC-3 
RC- 14 

WC-I 1s 

so 2 0.5 WC- I 
41-.2 34 WC-2 
20 2 20 WC- 7 

KC-6 
WC-5 

-7 
! x 13 'max. RC- 14 

3.1 max. KP- ., a 7 

50 
50 

See Method 
50 

1 OCO 

2 50 
250 
I CC 

See Mefhc6 
1000 



Svstem Sample Samp l e 
D e s c r i p t i o n  Val ve - Fnalvs is  Frequency L i m i t s  Method A l  iauote 

Number Number (ml) 

V FUEL STORAGE WELL 
Upstream o t  f i l t e r  

Return l i n e  

I 

58-23-001 . p 
H . 

Conduct i v i t y  (1/ mhos-Cm) 
Chlor ide (ppm)  
Dissolved Ssl i d s  (ppm) 
Suspended Sol i d s  (ppm) 
To ta l  Sol i d s  (porn) 
G r o s s . Y A c t i  v i  t y  (dpm-ml 
Gamma-ray Spectrum c t  Water 

Vl . Component Ccol i ng Water 57-23-003 

V I  I. LIQUID WASTE 
6,000 g a l l o n  54-23-006 

Retent ion tank IA and 54-23-007 
Retent ion tank IB 

3,000 gal Ion 
Waste Water Storage Tank 54-23-008 

H 
P cnce/mo. 
Conduc t i v i t y  (.qm hos-cm) once/mo. 
Ch I or i de ( ppm) once/mo. 
Dissolved Sol i d s  (ppm) once/mc. 
Suspended Scl i d s  (ppm) ' once/mo. 

. Tota l  Sol i ds (ppm) once/mo. 
~ r o s s A . . . ~ k c t  i v i  t y  (dpm-m! once/wk. 
Gamma-ray Spectrum o f  Water once/wk. 

H 
P 
Chromate (ppm) 
Phosphate ( ppm) 
Di ssol ved Sol i ds (ppm) 
Suspended Sol i ds ( ppm) 
T c t a l  Sol i d s  (ppm) 
Gross p . f A c t i  v i  t y  (dpm-ml ) 

H 
P as requ i red  
Conduc t i v i t y  (4 mhos-Cm) as requ i red  
Suspended Sol i ds (ppm) as requ i red  
To ta l  Sol i d s  (ppm) as requ i red  
Gross/d-f Pct  i v i  t y  (cpm-ml ) as requ i red  
Gross Alpha A c t i v i t y  (dpm-ml) as requ i red  
.Gamma-ray Spectrum o f  Water as requ i red  

pH as requ i red  
Zonducti v i  t y  (ymhos-Cm) - as requ i red  
Suspended S o l i d s  (ppm) as requ i red  
Tota l  Scl i ds (ppm) as requ i red  
G r o s s A - Y A c t i v i t y  (dpm-ml) as requ i red  
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. . 

7.0 2 l .O WC- I 250 
3 2  2 WC-2 250 
0.1. max. WC-3 25 
3 2  3 WC-5 1000 

WC-6 See Method 
WC-7 1 00 
RC- 1 4 

WC- I 25C 
WC-2 250 
WC-3 25 
WC-5 1000 
WC-6 See Method 
WC-7 100 
RC- 14 

WC- I 250 
WC- I 0  50 
WC- 14 50 
WC-5 1000 
WC-6 See Method 
WC-7 100 
RC- I I 

WC- I 250 
WC-2 250 
WC-6 See Mett.od 
WC-7 1 00 
RC- 14 
RC-'3 

WC- I 250 
WC-2 250' 
WC-6 See Method 
WC-7 100 
WC-14 



System Samp l e S e ~ o  l e 

D e s c r i p t i o n  'la l ve Anai y s i  s Frequency 1. imi t s  Method /!I i Q I J O ~ ~  -- 
I Number - (mi  ) 

Number 

MOO g a l l o n  (Cont 'd)  

4500 gal Ion 
Waste Water s torage tank 54-23-009 ' 

Evaporator Feed Tank 

Waste Evaporator (Bottom Sample 54-23-011 
Connecti on) 

Spent Bas in  Tank 54-23-0 1 4 

Wster Co l lGc t ion  Tsnk . 54-23-005 

500 gal l on 
Concentrated Waste Storage 54-23-01 2 . 

Tank 

Gross Alpha A c i i v i t y  (dpm-ml) 
Gamma-ray Spectrum o t  L a t e r  

H 
P 
Conducti v i  t y  Cy mhos-Cm) 
Suspended S o l i d s  (ppm) 
Total .  Sol i d s  (ppm) 
G r o s s / j - f a c t i v i t y  (dpm-ml) 
Gross Alpha A c t i v i t y  (dpm-ml) 
Gamma-ray Spectrum o f  Water 

Conduc t i v i t y  (hmhcs-Cm) 
Gross Ac t i  v i  t y  ( uc/cc) 
Ta ta l  Sol i d s  (ppm) 
D 
i o t a 1  Sol i d s  (ppm) 
Gross/j-YActi v i  t y  (uc/cc) 

G r c s s b  .\/Act i v i  t y  (uc/cc) 
Radiochemical Iod ine  (dpm,'grn) 
Radicchemical Manganese (dpm-gm) 
Rad i ochemi ca ! . Ces i um ( dpm-gm) 
Radiochemical S t ron t ium (dpm-gm) 
Rad i ochemi ca.1 I ron ( dpm-gm) 
Radiochemical Chrmium (dpm-gm) 
Radiochemi cat Sodi um (dpm-gm) 
Rad i ochemi ca.1 Coba l t ( dpm-gm) 
Radiochemical Nicke l  (dpm-gm) 
Radiochemical Copper (dpm-gm) 
Radiochemical Zeronium (dpm-gm) 
Gamma-Ray Spectrum o f  Resin 

H 
conduct i v i  t i  (Mmhos-Cm) 
Gross A c t i v i t y  (dpm-ml) 
Gamma-ray Spectrum o f  Water 

pH 
, _  - 

Gross'fl-j/ A c t i v i t y  (uc/cc) 
-307- 

as requi  r e d  
as requ i red  

as requi rec 
as requi  r e d  
as requ i red  
as requ i red  
as requ i red  
as requi  r e d  
as requ i red  

as requ i red  
as requ i red  
as r e q u i r e d  
as requi  r e e  
as requ i red  
as requ i red '  
as requ i red  

as requi  reci 
as requ i red  
as requ i red  
as requ i red  
i s  requ i red  
as requ i red  
as requi  red  
as. requi  red  
as requ i red  
as requ i red  
as requi  r e d  
as requ i red  
as requ i red  

as requ i red  
35 requ i red  
as requ i red  
as requi  r e d  

as requ i red  
as r e q ~ ~ i  r e d  

WC- I 250 
WC-2 250 
WC-6 See Method 
WC-7 100 
RC- 14 
RC-3 

7.0 + 1 .O 

I 10-7 max. WC- ! 
RC- I 4 

7.0 l .O WC- I 
WC-2 
RC- 14 

213- 14 
D-2 -t RC-I .. 
D-I + RC-2 
3-1 t RC-4 . 

D-I + RC-5 
D-1 + RC-7 
0-1 + RC-8 
0-1 .t ;7C-3 
D-I + RC-I0 
D-l t RC-I I 
D-I + RC-12 
D-I +- RC-16 

WC- t 2 50 
WC-2 250 
RC- 14 

WC- I 
?C-14 

use paper 



SY stem ' 

Descr i p t i  on . . 

Samp l e 
Val ve - 
Number Ana I y s.i s Frequency L imi ts  

-Samp l e 
Method A l i quote 
Number (ml) 

500 gal lon (Cont'd) , Gamma-ray Spectrum of  Water as required 

V I  I I. GASEOUS WASTE 

Samp!e Condensed Moisture 55-23-008 ~ r o s s . ~ - f ~ c t i  v i  t y  */cc) as required 
55-23-006 Gamma-ray Spectrum of  Water 'as required 

. . Radiochemical Iodine (dpm-ml) as required 
. . 

Gaseous Content o f  55-23-01 1 Geseous ~ c t ' i  c i  t y  ( dpm) as required 
Retenti on Tank I P.-lB. 55-23-01 0 Gamma-ray Spectrum of  Gas as required 

RC- 14 

RC- I 

RC- I 3 

I X. SHUTDOWN CONDENSER 62-23-003 pH once/month 9.0 - 10.5 WC- I 
Shel l si de 62-23-004 . . 

Chromate (ppm) once/month X lO -'a WC- I 0  
Phosphate ( ppm) once/month 2 5 - 3 0 .  WC- 14 
Dissslved Sol ids  (ppm) , once/month WC-5 
Suspended Sc l ids  (ppm) once/month WC-6 
Total Sol i ds ( ppm) . once/month 1 000 WC-7 

X. . FEEDWATER 

XI . MAIN' STEAM 

Condensed Steam 

65-23-60 l . H 
P - 3 times/wk 7.0 2 0.5 WC- l 

65-23-002 
Conductivity (4mhos-cm) + 3 times/wk I .O WC-2 
Chloride (ppm) 3 times/wk 0.1 max WC-3 
Copper (ppm) once/wk WC- 1 2 
l ron (ppm) once/wk WC-4 
S i l i c a  (ppm). . once/wk 0. I WC-16 
Di ssol ved Oxygen ( ppm) once/wk. 0 . 0 2 . i  0.02 WC-8A 

Dissolved Scl ids (.ppm) on'ce/wk 
Suspended Sol ids  (ppm) once/wk 
Tote! Sol ids (ppm) once/wk 
Gross&-Y Acti v i  ty (*I c/cc once/month 
Gross Alpha Acti c i  t y  (.&c/cc) once/month 
Gamma-ray Spectrum of  Water once/month 

54-23-001 
64-23-002 Chloride (ppm) once/month 

Conductivity (~mhos-cm) once/month 
Dissolved Oxygen (ppm) once/month 
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0.1 max 
1.0 max 

WC-5 
WC-6 
WC-7 
RC- 14 
RC-3 ' 

50 
50 

1 000 
See Method 

100 

250 

250 
25 
50 
50 
50 
See Method. , 

(Check a f t e r  . 
changing ' ' 

demi n. ) 
1000 
See Method 
100 

25 
250 
See Method 



Sample 
Va 1 ve - 
Number 

Samp 1 e 
Method - Aliauote . 
Number (ml) 

System 
Descr ipt ion Analysis Frequency 

once/mon t h  
once/month' 
once/month 

L imi ts  

0.1 max WC-16 50 
WC- 1 2 50 

Condensed Steam (Cont'd) 

- -- -- 

S i l i c a  (ppm) 
Copper (ppm) 
Gamma-ray Spectrum of  Water 

X I I .  FULL FLOW CONDENSATE DEMIN. 

From Hot We1 1 Condensate Pump 63-23-001 WC- I 
WC-2 

pH 
Conduct i v i  t y  (A/ mhos-an) 
Chloride (p  m) 
Copper (p my 
I ron (pp.mmP 
S i l i c a  (ppm) 
Di ssol ved Oxygen ( ppm) 

7.0 f 0.5 
I .O max 
0.1 max 

da i l y  
dai l y 
dai l y 
once/wk 
once/wk 
once/wk 
once/wk 

WC-3 
WC- 1 2 
WC-4 
WC-16 50 
WC-8A See Method 

Val ue ex- 
pected i s  
.005 - .O1 ppm 

RC-3 
RC-14 . ' 

Grcss Alpha A c t i v i t y  (dpm-ml) 
Grossh- f  Acti  v i  t y  (.dpm-ml ) 
Gamma-ray Spectrum o f  Water 
Oi ssol ved Sol i ds (ppm) 
Suspended Sol i ds (ppm) 
Total. Sol ids  (ppm) . . 

1000 
See ~ e t h o d  
100 

pH 
Conducti v i  t y  (Mmhos-cm) 
Chloride (ppm) 
Copper i ppm). 
I r on  (ppm) 
S i l i c a  (ppm) .. 
Dissolved Oxygen (ppm) 
Gross Alpha A c t i v i t y  (dpm-ml) 
Gross / - f~c t i  v i  t y  (dpm-ml 
Gamma-ray Spectrum of  Water 
Q i  ssol ved Sol ids  (ppm) 
Suspended Sol i ds  (ppm) 
Total Sol i ds  (ppm) 

7.0 ? 0.5 
1.0 max 
0.1 max 

wc- l 
WC-2 
WC-3 
WC-12 
wc-4 
WC-16 . 
WC-8A. 
RC-3 
RC- 1 4 

250 
250 
25 
50 
50 
50 

See Method 

Service Tank Samp l i ng 63-23-002 
63-23-003 
63-23004 

as requ i red 
as required 
as required 
as required 
as required 
as required 
as required 
as required 
as required 
as required 
as. requi red 
as required 

1000 
See Method , 

100 

pH 
Conducti v l  t y  (Mmhos-an) 

7.G i 0.5 
I .Cl max 

WC- I 250 
WC-2 2 50 

' WC-6 See M e t h ~ d  
WC-5 1 000 
WC-7 1 00 
RC- 14 

Cati on Regenerati on 63-25-033 
Anion Regeneration 63-25-034 

as required 
as required 
as required 
as requ i red 
as required 
as r e q i ~ i  red 

Suspended Sol ids (ppm) 
Dissolved Sol ids (ppm) 
Total. Sol ids  (ppm) 
Gross,.-f Acti  v i  ty (dpm-gm) 
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Samp 1 e Samp 1 e 
Svstem Val ve Method A1 iauote - 

Descript ion Number Anal ys i  5 Frequency L imi ts  Number (ml) 

Anion Regeneration (Cont'd) Gamna-ray Spectrum of  Resin 
. .  . 

~ a u s t l ' c  Tank 1 n l e t  Sample 63-23-009 . pH 
Conducti v i  t y  

X I  I I . DEMINERALIZED MAKEUP pH 
AM) WELL WATER Conduct i v i  t y  (4 mhos-cm) 

Chloride (ppm) 
Si l i ca  (ppm) 
Copper (ppm) 
l ron ( ppm) 
 gross^-f A c t i v i t y  (uc/cc) 
Total Sol ids  (ppm) 

as required 

as required 
as required 

WC- I 
WC-2 

WC-4 
WC-2 
WC-3 
WC- 1 6 
WC- 1 2 
WC-4 
RC-.I 4 
WC-7 



. APPENDIX A 

SPECTROPHOTOWTRIC ANALYSIS 

Introduc t i o n  

I n  o r d e r  t o  provide a  l o g i c a l  b a s i s  f o r  measurement of the  

absorpt ion  of  l i g h t ,  i t  i s  necessary t o  al low f o r  l o s s e s  by 

r e f l e c t i o n  and b y ' s c a t t e r i n g  a t  the boundaries of the  c e l l  

t h a t  conta ins  the medium and a l s o  f o r  the  small l o s s e s  caused 

by s c a t t e r i n g  wi th in  the  medium i t s e l f .  This co r rec t ion  i s  

made by comparing the i n t e n s i t y  I of the  ray  of  l i g h t  t h a t  

has passed through the  absorpt ion  c e l l  t h a t  conta ins  the  

sample with the  i n t e n s i t y  IO of the  ray of  l i g h t  a f t e r  i t  

has  passed through a  medium of ' s imi lar  r e f r a c t i v e  index 

c0ntaine.d i n  an i d e n t i c a l  c e l l .  The r a t i o  1/I0 x 100 i s  

then the  percent  t ransmit tancy of the  sample. 

The a b s o r p t i o n  spectrum of a given medium can be exbressed 

i n  the  form of a  graph of absorbancy versus waveleng%h. The 

shape of such a  curve i s  more o r  l e s s  c h a r a c t e r i s t i c  of  the  

absorbing substance; however, the  c h a r a c t e r i s t i c s  of the ab- 

so rp t ion  spectrum a l s o  depend on severa l  o t h e r  f a c t o r s ,  such 

a s  the  t h i c k n e s s ' o f  the c e l l ,  the  concent ra t ion  .of the  ab- 

sorb ing  substan.ce, i f  the medium i s  a  so lu t ion ,  and- the  

chemical n a t u r e o f  the  so lvent  and of the  s o l u t e .  Some 

media w i l l  g ive smooth absorpt ion  curves wi thou t ,  wel l  -marked 

po in t s .  .of i n f l e c t i o n ;  t h i s  proper ty  i s  termed ".general absorp- 

t i o n " .  Other curves w i l l  show maxima o r  minima; t h i s  
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APPENDIX A 

SPECTROPHOTOMETRIC ANALYSIS 

I n t r o d u c t i o n  (Cont ' d )  

proper ' ty,  which i $  more common, i s  termed " s e l e c t i v e  absorp-  

t i o n " .  A l l  subs tances  e x h i b i t  a b s o r p t i o n  i n  some reg ion  of 

t h e  e l e c  t ~ o m a . ~ n e  t i c  spectrum. For example', benzene shows a  

complicated group of  maxima and minima i n  t h e  u l t r a v i o l e t  

reg ion ,  whereas water  shows s t r o n g  a b s o r p t i o n  i n  t h e  nea r  

i n f r a r e d .  These ex tens ive  i n v i s i b l e  r eg ions  o f  t h e  spec- 

trum can be i n v e s t i g a t e d  spec t ropho tomet r i ca l ly  and a r e  

more s i g n i f i c a n t  i n  some f i e l d  of  a n a l y t i c a l  chemistry  than 

t h e  v i s i b l e  r eg ion  i t s e l f .  

Treatment o f  Data 

The. ana ly t i ca .1  chemist  i s  concerned p r i m a r i l y  wi th  s p e c t r o -  

photometr ic  d a t a  i n s o f a r  a s  i t  w i l l  a i d  him i n  t h e  i d e n t i -  

f i c a t i o n  of  a n  unknown substance,  o r  i n  c a r r y i n g  o u t  a  

q u a n t i t a . t i v e  de t e rmina t ion  of  a  c o n s t i t u e n t .  

For  t h e  -purposes of  i d e n t i f i c a t i o n ,  a  spectrum i s  obta ined  

b y ,  p l o t t i n g  absorbancy measurements . v e r s u s  t h e  wavelength 

: i n  mi l l imi .~kbr i s  a t  d i f f e r e n t  wavelength s e t t i n g s .  The 

curve i s  then compared wi th  the  a b s o r p t i o n . s p e c t r a  of known 

subs tances .  I d e n t i f i c a t i o n  i s  e s t a b l i s h e d  .when t h e  . absorp-  

t i o n  spectrum of  t he  unknown can be superimposed on a  known 

spectrum. 



APPENDIX A 

~ P E C ~ R O P H O T O ~ T R I C  ANALYSIS 

Treatment ,of  Data ( con t  [ d )  

Q u a n t i t a t i v e  de te rmina t ions  a r e  preceded by t h e  e s t a b l i s h -  

.merit of  a  c a l i b r a t i o n  curve t h a t  i s  p repa red .by  p l o t t i n g  

absorbency ( o r  e x t i n c t i o n )  a s  t h e  o r d i n a t e  versus  t h e  con- 

cen t r a . t i on  of  t h e  s ~ i b s t a n c e  as  the  absc i s sa . .  on r e c t i l i n e a r  

graph paper .  The wavelength s e t t i n g  chosen f o r  t h e  s tandard  

curve i s  u s u a l l y  t h e  w.avelength. of  maximum abso.rpt ion.  The 

absorbancy of t h e  unknown i s  t h e n m e a s u r e d a n d  the  concen- 

t r a t i o n  i s  determined by r e fe rence  t o  t h e  s tandard  c a l i b r a -  

t i d n  curve.  A. .separate  c a l i b r a t i o n  curve i s  e s t a b l i s h e d  

f o r  each spectrophotometer .  

. . 



OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER 

OPERATING CONTROLS - .POWER. SUPPLY 

A .  Power Switch 

This  . two-posi t ion r o t a r y  switch t u r n s  t h e  power supply 

on .and o f f .  The ON p o s i t i o n  s u p p l i e s  power, through t h e  

multi-conduc t o r  cab le ,  t o  the  e l e c t r o n i c  c i r c u i t r y  :... " " .  : 

of the  spectrophotometer  and a l s o  s u p p l i e s  .power, through 

t h e  t e r m i n a l s  on t h e  ou tput  and of t h e  power supply,  t o  t h e  

tungs t en  lamp. 

NOTE: . Before t u r n i n g .  Power Switch O N ,  always t u r n  t h e  F i l a -  
.merit Temperature Switch..OFF. A f t e r  t u r n i n g  t h e  
Power Swit'ch O N ,  wa i t  f o r  one minute before  t u r n i n g  
t h e  Filament Temperature ,Switch f r o m t h e  OFF p o s i t i o n .  

B. Filament Temperature Switch 

This  e , i gh t -pos i t i on  r o t a r y  switch,  used i n  conjunc t ion  

wi th  t h e  Source Circu:Lt Switch, c o n t r o l s  o p e r a t i o n  .of a  

hydrogen lamp oi. mercury lamp by determining i t s  f i l amen t  

and anode v o l t a g e s .  The OFF p o s i t i o n  removes a l l  vo l t age  

from. t h e  socke t .  T h i s  p o s i t i o n  i s  used when the  spec t rophoto-  

-meter  i s  o p e r a t e d . w i t h o u t  e i t h e r . t h e  hydrogen lamp o r  t he  

mercury lamp. 

C .  Source C i r c u i t  Switch -- 

- 
. . T h i s  two-pos i t ion  swi tch  used i n  conjunc t ion  wi th  t h e  

Filament Temperature Switch,  s e t s  t he . anode  vo l t age  a t  t h e  

c o r r e c t  value f o r  t he  hydrogen ,or  mercury lamp. 



OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER 

OPERATING CONTROLS - POWER SUPPLY ( ~ o n t  Id) 
1 

D .  Pho tomul t ip l i e r  Gain Switch 

This  e leven-pos i t ion  r o t a r y  switch,  f u n c t i o n a l  on ly  i f  

t h e  spectrophotometer i s  opera ted  wi th  t h e  pho tomul t ip l i e r  

tube,  a d j u s t s  the  s e n s i t i v i t y  of t he  m u l t i p l i e r  phototube 

by changing the  vol tage  app l i ed  t o  t h e  dynodes. 

I n  a d d i t i o n  t o  an OFF p o s i t i o n ,  the  switch has  t e n  

o p e r a t i n g  p o s i t i o n s .  The F u l l  p o s i t i o n  provides  maximum 

s e n s i t i v i t y .  Clockwise r o t a t i o n  of the  switch dec reases  

the  s e n s i t i v i t y .  Th i s  swifch i s  u s e d . a s  a  coarse  s e n s i t i v i t y  

adjustment f o r  t he  s e n s i t i v i t y  knob on t h e  DU. 

. . .  E .  . .  .Zero. Suppression Switch 
. . .  

. . .This  six-po s i t  i o n .  r o t a r y  switch . a p p l i e s  a  bucking 

. .  vo l t age .  t o  compensate f o r  background r a d i a t i o n  . e f f e c t s  i n  

f l a m  , f luorescence ,  o r  r e f l e c t a n c e  .measurements. 

. . 
F, .Screen  Bias  Switch - 

This  f  i v e - p o s i t i o n  r o t a r y  swi t ch .  c o n t r o l s  t h e  screen-  

b i a s  vo l tage  on the 2532 tube i n  the  a m p l i f i e r  c i r c u i t  of 
i. 

tAe spec tropho tome t e r  . 
I 

O r d i n a r i l y ,  adjustment i s  r equ i red  only  i n f r e q u e n t l y ,  

.and then . a s  a  r e s u l t  of tube ag ing  o r  replacement.  Th i s  

switch i s  a . c o a r s e  adjustment f o r  the  dark  c u r r e n t  c o n t r o l  

on the  D U O  
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~ P E R A T ~ N G  INSTRUCTIONS FOR DU-SPECTROPHOTOMETER 

1 OPERATING CONTROLS - .POWER SUPPLY ( ~ o n t  ' d )  , , . 

G .  O p e r a t i o n w i t h T u n g s t e n  Lamp 

,To ope ra t e  t h e s p e c t r o p h o t o m e t e r  with  t h e  tungs ten  

lamp 'use t h e  fo l lowing  procedur'e : 

1. Turn DTJ S h . ~ . ~ t t e r  Switch OFF. 

2 .  Turn DU.Tungsten Lamp Switch. O N .  

3. Turn DU Function Switch t o  CHECK p o s i t i o n .  

4'. Turn power supply Power Switch O N .  

5 .  Allow power supply t o  warm-up f o r  about one hour .  

6 .  Rotate  the  wavelength S e l e c t o r  t o  s e t  t he  des i r ed  
wavelength. 

7.  Push Phototube P o s i t i o n i n g  Knob i n a d t o  s e l e c t  t h e  
r e d - s e n s i t i v e  phototube (above 625 mu) o r  p u l l  
o u t  t o  s e l e c t  t h e  b l u e - s e n s i t i v e  phototube.  

8. Make sure  the  load  . r e s i s t o r  i s  i n  p o s t t i o n  .number 1. 

S e l e c t  p roper  f i l ' t e r  i f  one .is. r equ i red .  

10 .  I n s e r t  s . tandard.and sample c e l l s ,  i n  the  c e l l  ho lde r  
and p lace  ho lde r  i n  the  c e l l  compartment. Replace 

'compartment cover .  

11. Use Sample P o s i t i o n i n g  Knob t o  p o s i t i o n  the  s tandard  
c e l l  i n  the  l i g h t  p a t h .  , 

12 .  Rotate  Dark Current  Control  t o  zero meter needle .  

13. Turn S h u t t e r  Switch O N .  

1 4 .  Rota te  S l i t  Adjustment Control  t o  approximately 
zero  t h e  meter needle ,  o r  t o  s e t  the  d e s i r e d  s l i t  
width,  

15. Rotate  t h e  S e n s i t i v i t y  Control  t o  a c c u r a t e l y  zero  
t h e  meter need le .  

16.  Turn S h u t t e r  Switch OFF. 
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OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER 

OPERATING CONTROLS - .POWER SUPPLY ( ~ o n t " d )  

17. Use Sample P o s i t i o n i n g  Knob t o  p o s i t t o n  t h e  unknown 
sample c e l l  i n  t h e  l i g h t  beam. 

18. ' S e t  S e l e c t o r  Switch t o  1, o r  t o  0 . 1  i f  t he  t r a n s -  
mi t t ance  i s  l e s s  t han  10 p e r c e n t .  

19. Turn S h u t t e r  Switch O N .  

20. Rota te  Transmit tance Cont ro l  t o  ze ro  the  meter  
need le .  

21. Record t h e  t r ansmi t t ance  o r  absorbance r ead ing .  

22.  Turn S h u t t e r  Switch OFF. 

23. Use t h e  Sample P o s i t i o n i n g  Knob t o  move t h e  nex t  
unknown sample i n t o  t h e  l i g h t  beam, and r e p e a t  S t ep  
12  and S teps  18 through 21, o r  r e p e a t  t h e  proceed-  

. . i n g  measurement p rocedures  w i th  the  sample a t  new 
wavelength o r  s l i t  openings .  

DESCRIPTION OF OPERATING CONTROLS - DU 

A .  Absorpt ion C e l l s  and Holder - 
The f r o n t  p o s i t i o n  i n  t h e  c e l l  ho lde r  should be used 

f o r  the  c e l l  t h a t  c o n t a i n s  t he  r e f e r e n c e  l i q u i d .  The c e l l s  

should be ,  marked s o  t h a t  they can always be used i n  t h e  same 

p o s i t i o n  i n  t h e  c e l l  h o l d e r .  The c e l l s  should be compared 

by f i l l i n g  them wi th  demine ra l i zed .wa te r .  Before use ,  t h e  

c e i l s  'should be c leaned  wi th  d i s t i l l e d  wate r  o r  o t h e r  s u i t -  

a .ble s o l v e n t .  Do n o t  use h o t  c o n c e n t r a t e d - a c i d s  which might 

e t c h  t h e  po l i shed  s u r f a c e s .  Remove t h e  c e l l s  from t h e  h o l d e r  

f o r  c l e a n i n g  and f i l l i n g ,  Make'sure t h e  c e l l s  a r e  s e a t e d  

p r o p e r l y  i n  t h e  c e l l  compartment and wi th  t h e .  knob pushed i n ,  

r e p l a c e  t he  cover .  Each c e l l  can be moved i n t o  t h e  l i g h t  

beam by p u l l i n g  t h e  s l i d e  knob t o  t h e  a p p r o p r i a t e  s t o p .  
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OPERATING: INSTRUCTIONS FOR DU-SPECTROPHOTOMETER 

DESCRIPTION OF OPERATING CONTROLS - DU ( ~ o n t  '.d) 

B. Phototube S e l e c t i o n  

The s p e c t r a l  range t o  be i n v e s t i g a t e d  de te rmines  t h e  

p rope r  phototube t o  be used.  The r e d - s e n s i t i v e  photo tube 

i s  used above 624 mu and i s  i n  p o s i t i o n  when t h e  knob i s  

pUsl.ied. I N .  T h e  b l u c - o e n s i t i v e  p h o t o t ~ i h e  i s  used below 

624 mu and i s  i n  p o s i t i o n  when t h e  knob i s  p u l l e d  OUT as 

f a r  as p o s s i b l e .  

C .  F i l t e r  S l i d e  

The f i l t e r  s l i d e  i s  l o c a t e d  between t h e  e x i t  s l i t  

and t h e  c e l l  compartment and i s  ope ra t ed  by means o f  a knob 

on t h e  f r o n t  end.  The f r o n t  p o s i t i o n  knob pushed i n ,  i s  

blank and i s  used i n  t he  range 400 t o  1000 mu and a l s o  w i t h  

t h e  hydrogen lamp. The second p o s i t i o n  c o n t a i n s  a r ed -  

pu rp l e  f i l t e r  and i s  used i n  t he  range 400 t o  320 mu wi th  

t he  t ungs t en  lamp. The t h i r d  p o s i t i o n  i s  blank and may be 

f i t t e d  w i t h  s p e c i a l  f i l t e r s  i f  needed. 

D .  S 5 n s i t i v i . t ~  Cont ro l  - 
FOT b e s t  performance, i t  i s  recommended t h a t  t h e  sensi- 

t i v i t y  knob be used one t o  t h r e e  t u r n s  from i t s  c lockwise  

l i m i t .  The most a c c u r a t e  r ead ings  on t h e  Transmit tance 

Sca l e  can be ob ta ined  w i t h  t h e  s e n s i t i v i t y  knob s e t  between 

t h e  clockwise l i m i t  and t h e  midpoin t .  The accuracy i s  w i t h i n  

0 . 1  p e r c e n t  a t  t he  clockwise l i m i t .  Maximum photometr ic  

r e s o l u t i o n  $ i s  a t t a i n e d  when the  S e n s i t i v i t y  Cont ro l  i s  r o t a t e d  

-318- 



OPERATING INSTRUCTIONS FOR DU-SPECTROPHOTOMETER 

DESCRIPTION ..OF OPERATING CONTROLS - DU (Cont 'd) 

to its counte~clockwise limit, since less light is required 

to zero the meter needle at 100 percent transmittance, per- 

mitting narrower slit widths to be used. 

E. Wavelength Selector 

This control adjusts the position of the quartz prism 

inside the monochromator and simultaneously rotates the 

calibrated Wavelength Scale. It is recommended that the 

wavelength settings be approached from the long wavelength 

end of the scale each time. 

F. - Tungsten Lamp Switch 

This is a toggle switch located on the exterior of the 

l.amp housing back. plate. 

G. -- Selector Switch 

D This is the main instrument switch and controls the 

function of the DUO The OFF position disconnects power to 

the DU. The check position provides a .rapid means of ad- 

justing the DU at 100 percent transmittance withoTut having 

t 'GO turn the Transmittance Control. When the switch is in 

the 1 position the ~ransmittance Scale reads 0 to 110 per- 

cent transmittance, arid $.he Absorbance Scale reads infinity 

to 0 .  Settl.ng the Sel.ector Switch at 0.1 ,position expands 

the Transmittance Scale for making measurements on samples 

having less than 11 percent transmittance. 
4 .  



DESCRIPTION OF OPERATING CONTROLS - DU ( ~ o n t  ld)  

H .  S h u t t e r  Switch 

.Passage of l i g h t  from t h e  c e l l  compartment t o  t he  photo- 

tube i s  c o n t r o l l e d  by t h e  S h u t t e r  Swi t ch .on  t h e  phototube 

h o u s i n g .  Th i s  swi tch  must be OFF t o  a d j u s t  d a r k  c u r r e n t .  

When the  swi tch  i s  i n  t h e  ON p o s i t i o n ,  , l i g h t  t r a n s m i t t e d  

through the  sample reaches  t h e  photo tube .  Turn t h e  swi tch  

g e n t l y  from. one. p o s i t i o n  t o  t h e  o t h e r .  

I .  Dark Curren t  Cont ro l  

Dark c u r r e n t  i s  t h e  c u r r e n t  p a s s i n g  through t h e  photo-  

t u b e . a n d  o t h e r  . c i r c u i t  components when t h e  phototube i s  n o t  

exposed t o  l i g h t .  For accuracy of  measurement, da rk  c u r r e n t  

must be balanced o u t  of t h e  c i r c u i t  before  e a c h , m e t e r  r ead -  

i n g .  The adjustment  i s  made by t u r n i n g  t h e  S h u t t e r  Switch 

OFF and b r i n g i n g  t h e  meter  need le  t o  ze ro  by r o t a t i n g  t h e  . . 

.Dark Curren t  Con t ro l .  

J .  . . Phototube Load R e s i s t o r  Switch 

I n  t h e  number 1 p o s i t i o n ,  a 2000-megohm load  r e s i s t o r  

. is  equipped ' t o  be used w i t h  t h e  t ungs t en ,  hydrogen, o r  mer- 

cury lamps. The "2" and "3" p o s i t i o n s  a r e  r e se rved  f o r  

s p e c i a l  1 o a d . r e s i s t o r s  f o r  s p e c i a l  a p p l i c a t i o n s .  

K .  Nul l  -Meter 

T h i s  meter  i n d i c a t e s  e l e c t r i c a l  balance of  t h e  i n s t r u -  

ment d u r i n g  va r ious  measurement procedures;  i . e . ,  d a r k  c u r r e n t  



DESCRIPTION OF OPERATING CONTROLS. - DU ( con t . ' d )  

adjustment ,  . s e t t i n g .  o f  the  100 pe rcen t  r e fe rence  p o i n t ,  

e t c .  

L .  S l i t  Adjustment Control  

This  r o t a r y  c o n t r o l  a d j u s t s  t he  width of  the  curved 

b i l a t e r a l  en t r ance  and e x i t  s l i t s  s imultaneously.  The s l i t s  

a r e  cont inuously a d j u s t a b l e  from . O 1  t o  2 .mi l l ime te r s .  S l i t  

w i d t h .  s e t t i n g s  a r e  ' i n d i c a t e d  on an a c c u r a t e l y  c a l i b r a t e d  

s c a l e  and should always be approached from the  narrow width 

d i r e c t i o n .  

M .  Transmit tance ~ o n t r k l  

The transmi.ttanc.e c o n t r o l  i s  used t o  balance t h e  n u l l  

meter a t  zero  before  r ead ing  t h e  t r ansmi t t ance  o r  absarb,ance 

of t h e  sample. P o s i t i o n i n g  of  the  S e l e c t o r  Switch and t h e  

S e n s i t i v i t y  Control  a f f e c t s  t h e  s e n s i t i v i t y  o f  t h e  i n s t r u -  

ment .and the  readings  of  the  c a l i b r a t e d  Transmitt,ance o r  

Absorbance S c a l e s .  



APPENDIX B 

.USE AND CARE. OF POLYETHYLENE 

Polyethylene absorbs  water  extremely s lowly.  It has  been 

found t h a t  t he  weight gained due t o  absorbed-water  i s  about 

0.15% a f t e r  a .  sample o f  polyethylene had been allowed t o  

s t and  i n  water1  aL roo111 tempcrature  f o r  on? y e a r .  

Polyethylene i s  r e l a t i v e l y  un reac t ive  chemical ly .  Concen- 

t r a t e d  c a u s t i c  m a t e r i a l s ,  such a s  ammonium hydroxide,  p0ta.s- 

sium hydroxide,  and sodium hydroxide,  do n o t  e f f e c t  po ly-  

e t h y l e n e .  .Potassium permanganate.and hydrogen peroxide ,  

a t  room temperature ,  does no t  a t t a c k  ' i t .  Diluted-..acids, 

bases ,  and s a l t  s o l u t i o n s  show no c o r r o s i v e  a c t i o n  on i t .  

The temperature  should be kept  below 70. degrees  C .  Con- 

c e n t r a t e d  FINO3, carbon d i s u l f i d e ,  bromine, ace tone ,  e t h e r ,  

to luene ,  e t h y l  a c e t a t e ,  l u b r i c a t i n g  o i l ,  and t u r p e n t i n e  

should no t  be s t o r e d  i n  po lye thylene  c o n t a i n e r s .  

CARE 

. . 

Ordinary . . soap and water  can be used t o  c l e a n  t h e  s u r f a c e .  



APPENDIX C 

T h i s  method i s  t o  check t h e  c o n c e n t r a t i o n  of C-7 S i l i c a  Standard 

s o l u t i o n  method WC-16 g r a v i m e t ~ i c a l ' l ~ .  

PROCEDURE 

1. P i p e t  5 m l  from the  method . ~ ~ - 1 6  s i l i c a  s t a n d a r d .  so lu -  

t i o n  i n t o  1bU m l  beakerB. 
. . 

2 .  Add 5 m l  of  concent ra ted  hydrochlor ic  a c i d .  
. . 

3. Evaporate t h e  sample t o  d ryness  on a .  wate r  b a t h  w i th  

p e r i o d i c  a d d i t i o n s  of  . t h e  t h r e e  -5 m l  p o r t i o n s  o f  concen- 

t r a t e d  hydrochlor ic  a c i d .  

4. Dry the  evaporated r e s i d u e  i n  an-  oven a t  110'~ f o r  1 

hour .  

5.  Add 5 m l  o f  concen t r a t ed  hydroch lo r i c  a c i d  and then  

add 50 m l  o f  wate r  t o  t he  d r i e d  r e s i d u e  i n  the  beaker .  

6 .  Warm t he  beaker  and c o n t e n t s  and s t i r  t o  d i s s o l v e  o r  

suspend a l l  t he  r e s i d u e .  F i l t e r  t h e  warm s o l u t i o n  through 

an  a s h l e s s ,  medium f l l t e r  pape r .  

7 .  Wash t h e  r e s i d u e  on t h e  f i l t e r  paper  15 t imes  w i t h  

(1-49)  hydrochlor ic  ac id '  and then  s e v e r a l  p o r t i o n s  of  wa te r .  

CAUTION: Cover t h e  funne l  c o n t a i n i n g  t h e  f i l t e r  paper  and 

i t s ,  r e s idue .  w i t h  a  c ' lean wa tch  g l a s s ,  and r e s e r v e  

i t  f o r  l a t e r  i g n i t i o n .  



PROCEDURE ( ~ o n t  Id) 

8. Return t h e  f i l t r a t e  t o  the.  o r i g i n a l  evapora t ing  beaker  

and evapora te  t o  d ryness  on a  wate r  ba th  w i t h  p e r i o d i c  a d d i -  

t i o n  of  two 5 m l  p o r t i o n s  of  concen t r a t ed  hydrochlor ic  a c i d .  

9 .  Dry and r e p e a t  t he  f i l t r a t i o n  and washing s t e p s  2  through 
. '  

7 us ing  a second funne l  and f i l t e r  pape r .  

10 .  P lace  bo th  f i l t e r  pape r s  w i t h  i t s  dehydrated r e s i d u e  i n  

a  t a r e d  p o r c e l a i n  c r u c i b l e  and d r y  under a h e a t  lamp. 

11. . Cover and i g n i t e  f o r  10  minutes  i n  a muff le  fu rnace  a t  

1000 t o  1200°c. 

1 2 .  Remove t h e  cover  and cont inue  t h e  i g n i t i o n  f o r  30 min- 

u t e s .  . 

13. Cool i n  a d e s i c c a t o r  and weigh t h e  c r u c i b l e  and p r e c i p i -  

t a t e  on a n ' a n a l y t i c a l  balance t o  t h e  n e a r e s t  0 . 1  mg. 

1 4 .  Repeat s t e p s  12 and 13 u n t i l  a  c o n s t a n t  weight i s  o b t a i n e d .  

15. Add s e v e r a l  d rops  o f  concen t r a t ed  s u l f u r i c  a c i d  ( ~ ~ ~ 0 4 )  

and 5 m l  o f  h y d r o f l u o r i c  a c i d  (HF) t o  t h e  weighed r e s i d u e  

i n  the  c r u c i b l e  and evapora te  t o  d ryness  on a  low-temperature 

h o t  p l a t e .  

16.  Re- ign i te  t h e  r e s i d u e  by r e p e a t i n g  s t e p s  12,  13 and 1 4 .  



Calcula te  the  concent ra t ions  of s i l i c a ,  i n  ppm a s  fol lows:  

where : 

W1 - wcight of  c r u c i b l e  and sample residue, i n m i l l i g r a m s  

a f t e r  f i r s t  i g n i t i o n  ( s t e p  1 4 ) .  

Wg = weight of c r u c i b l e  and sample res idue ,  i n  mil l igrams 

a f t e r  t reatment  with HF and r e - i g n i t i o n  ( s t e p  1 6 ) .  

V = m i l l i l i t e r s  of  sample used from WC-16 method. 



A P P E N D I X  D 

R A D I O A C T I V E  GAS COUNTING CHAMBER 



APPENDIX E 

The fo. l lowing a r e  t he  " r e f e r e n c e s  f o r  S e c t i o n s  I V  and V Radio and 

Water Chemistry Methods: 

1. ASTM S p e c i a l  Technica l  P u b l i c a t i o n  No. 148-c - Manual 

on I n d u s t r i a l  Water 1957 P r i n t i n g  
I 

2 .  ASTM Standards  1961 - BaraL; 10 T c n t a t i v e s  

3. ASTM Standarqs  1964 - . P a r t  23 I n d u s t r i a l  Water; 

I Atmospheric Analys i s  

4 .  ASTM Sp.ecia1 T e c h n i c a l .  P u b l i c a t i o n  No. 148-A: Manual 

o n . I n d u s t r i a 1  Water 1954 P r i n t i n g  

5 .  Analys i s  o f  E s s e n t i a l  Nuclear Reactor  M a t e r i a l s  - 

. . . . C .  J .  ~ o d d e n ' p r e p a r e d  by the  D iv i s ion  o f  Technica l  

I . . 
Informat ion  U .  S .  .Atomic Energy C o m ~ i s s i o n  

6 .  Nuclear  and Radiochemistry - F r i e d l a n d e r  .and Kennedy 

7.  Nuclear Ra.dia t ion De tec t ion  - William 3. Pri.c.e 

8 .  Radiol .ogica1 Hea l th  Handbook - Simon Kinsiman 

I 
I 9.  Reviews of Modern Phys ics  - Volume 30, Number 2 - 

1 0 .  Handbook o f  Chemistry and Phys ics  - Chemical Rubber 

- Pub l i sh ing  Co. 
I 



APPENDIX. E 

11. PTC-19-11-1959-Part.11 Quality 'and Purity of Steam 

. Supplement to ASME :Power Test Codes 

12. IDO-16880-2 ~cintillation Spectrometry - Gamma-Ray 

Spectrum Catalogue 2nd Edition Volume 2 - R. L.. Heath 

13 TDO-16880-1 Scintillation .Spectrometry - Gamma -Ray 

Spectrum Catalogue 2nd Edition Volume 2 - R. L. Heath 

14. IDO-16408 -'Scintillation Spectrometry Gamma-Ray 

Spectrum Catalogue - R. L. Heath 

15. UKE-CR-1003 - U. K. Experiment at Chalk Rtver - J. A. 
I 

Corbett and C. J. L. Lock 






